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INTRODUCTION 


In the preparation of this operation and maintenance technical 
manual for the Stephens 821B professional audio recorder/ 
reproducer, one particular objective has been pursued all! the way 
through: to make [It as complete, accurate, understandable and 
convenient as possible for the user and the malntenance technician. 
With thls objective In view, Stephens Electronics, Inc. welcomes 
any suggestions for the Improvement of the manual, as wel! as for 
Information regarding errors or omissions. All such correspondence 
should be addressed to: Stephens Electronics, Inc., 3513 Pacific 
Avenue, Burbank, Callfornta 91505, 


The loose-leaf form of this manual permits us to tallor each manual 
to the exact configuration of .the system for which [Tt was Issued, 
thus eliminating much Irrelevant and confusing matertal. It also 
makes {t+ easy for the user to add or replace varfous pages with 
corrected or updated matertal. 


In order to avold any misunderstanding of certafn terms and 
expressions used throughout the manual, a glossary with definitions 
is Included here. Some of the terms are already familiar to most 
readers; however, there Is no guarantee of untversal familtarity 
with such terms, hence their Inclusion In the glossary. Those terms 
which are pecullar only to an option are defined In a seperate 
mini-glossary Included In the operation section for the option 
(e.g., the Q-I1 autolocator). : 


The recorder/reproducer for which this manual was prepared contains 
components which are not user servicable! The maintenance section 
of this manual’ should be consulted before attempting any repairs or 
adjustment on this equipment and all warnings noted. Failure fo 
observe these warnings could Invaltdate the warantee and damage the 
machine. 


GLOSSARY 


AUTOLOCATOR: Refers to the Q=11 autolocator option, an electronic 
sub-system integrated with the 821B system for logging and 
returning automatically to specific tape locations. 


AUTO=SYNC: Refers to the 821B contro! feature wherein the play 
circults automatically go into "sync" mode while recording. (See 
SYNC definition). 


DARLINGTON: Term referring to a palr of transistors connected so. 


that the first transistor Ts an “emitter fol lower" driving the base 
of the second transistor; the resulting galn Is) approximately the 
product of the two Individual transistors! gains. 


DYNAMIC CONTROLS: Those pushbuttons/tallies which start and stop 
tape motion: PLAY, RECORD, STOP, FORWARD, REWIND and LOAD. 


HEAD STACK: The assembly of three heads (erase, record, and play) 
on a mounting plate with electrical! connectors and wiring. 


MUTE: A playback cIrcult feature whereIn the audio output from a 
given track Is Interrupted, although the VU meter for that track 
will still respond to the playback circult. Also, the legend on 
the sync ‘panel and pushbutton for that function. 


PRE: Legend on the pushbutton/tally whIch Indicates when’ the 
assigned source (Input) and mute functions are active. 


PUSHBUTTON/TALLY: Combination of a pushbutton switch with a ITghted 
button, tn which the IIght In the button serves as a tally. (See 
TALLY definttton.) The legend on the pushbutton refers to both the 
switch function and the tally function. 


REMOTE ELECTRONICS: Refers to the optional remote contro! unit 
which duplicates the assignment controls and tal'ites on the sync 
panel. 


SCAN: The 60 IPS tape speed mode. Also the legend on the 
pushbutton/tally which sets and Indicates that speed. 


SERVO: Expresston referring to a "closed loop" system wherein an 
ampILfter drives a motor, the resulting mechanical motion generates 
a proportional electrical signal. The signal Is compared wlth a 
standard, and the resulting "error sfgnal" Is fed back to the 
amplifier which then changes the motor drive In a dftrection which 
will minimfze the "error". 


SHUTTLE: A term used to denote tape motion In. elther direction In 
all modes. Shuttle controls are those pushbutton switches which 
start and stop tape motion (dynamic controls). 


el 


STATIC CONTROLS: Those pushbuttons/tallies on the tape deck which 
control power, tape speed, and playback conditions without actual ly 
starting or stopping the tape Itself: POWER, 30 IPS, SCAN, SYNC, 
and PRE. 


SYNC: Refers to "synchronism" of playback of pre-recorded tracks 
with stmultaneous recording on new tracks. Also the legend on the 
SYNC pushbutton/tally showing that the "sync" mode Is engaged. 


SYNC LOCK: An optional feature of the 821B which permits locking 
the tape speed to an external control Instead of the Internal 
crystal control. 


SYNC PANEL: Panel In the pedestal above the tape deck, containing 
the assignment controls and tallies, and the VU meters. 


TALLY: A term referring to an Indication (tally light or Ilighted 
pushbutton) that the corresponding function or mode jis actually In 
effect. 


TORQUE: Turning force applied to the reels by the reel motors. 
Necessary In order to keep correct tension on the tape and to move 
the tape during play and record modes. 


: UNIT SERIES (U/SY: The serles of symbol numbers assigned to the 


components of a particular electronic assembly. (Explained further 
In Section 4.0: MAINTENANCE.) i 


. VSO: Stands .fon vartable speed oscillator. The VSO Is substituted 


‘tor the "fixed" speed crystal. osct|lator whenever [t fs necessary 
to adjust the tape speed to some other speed. 
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1.0 DESCRIPTION 
1.1 GENERAL 
1.1.1 FEATURES 


The Stephens model 821B professtonal audto recorder/reproducer Is a 
tape recording and reproducing system of the highest quality, 
designed to provide recording studios of all kinds with the most 
rellable, flexible, convenient, and simple multi-channel recording 
system available. It represents a stgntflcant advancement of the 
art and sclence of tape recording, as can be seen In the features 
outlined below. 


1.101.1 


The tape drive Is implemented without the use of capstans and pinch 
rollers, thus ellminating the major source of flutter and of tape 
and oxide coating wear, and completely removing any speed 
varlations. This Is accomp!Ished through the use of two specially 
designed reel motors operating In a "tight" servo loop, and a 
precision tape speed sensor digitally phase-locked to a 
crystal=controlled frequency standard. The use of crystal control 
. assures extremely stable and accurate. tape speed, completely 
Independent of power IIne frequency fluctuation. 


1.1.1.2 


The tape transport frame Is exceptionally rigid and prectston 
ground ‘flat for permanent dimenstonal stabl lity. This, combined 
with precise factory alfgnment and machining of the head assembly 
components, completely eliminates the need for the user to align 
the heads. Furthermore, head assemb/Ies may he replaced or 
Interchanged easlly, with no mechanical adjustments necessary. 


1.1.1.3 


In addition to the two normal tape speeds of 15 IPS and 30 IPS, a 
stable and precisely controllable vartable tape speed is provided, 
adjustable between 10° |1PS and 80 IPS by means of a remote contro] 
units This feature can be Invaluable for special effects, pitch 
changes, etcs An additional fixed speed (SCAN) ‘of 60 IPS Is 
provided, primartly for rapid audible search for recognizable 
program ‘passages or cue tones: [tn playback operation, but also 
useable for recording and timing. 


1.1.1.4 
Individual channel record modes can be asstgnied or cancelled, and 


sources’ (Input) pre-selected to the output, by means of a very 
simple selector switch and five pushbuttons, either locally or at.a 


remotely located control unit. This ellmInates many complicated and 
space consuming Individual switches, and the use of digital logic 
cIrecufts and multiplexing ellminates much wiring. 


1.1.1.5 


The optional autolocator works In conjunction with the tape motion 
sensing Idler, determining tape location through the use of a 
microprocessor. The system Includes ten programmable registers for 
complete search-and=play sequences In any desired order and can be 
set up to run automatically. 


1.1.1.6 


There are many other unique features of desfgn and construction 
less obvious to the operator but none-the-less very Important to 
the system relfabiitty and +o the operator's comfort and 
conventence,. 


1.1.2 GENERAL DESCRIPTION 
1.1.2.1 


The tape transport and record/reproduce electronics are housed [In a 
free-standing floor mounted wood cabinet with wood-graln formica 
finish (pletured at the front of this sectlon). The tape transport 
Is. mounted horizontally In the "counter-top" surface of the 
cabInet, and !s completely self-contained, including the tape 
motion controjs and electronics In addition to the bias oscillator, 
recording amplifiers and playback preamplifters. 


The balance of the record/reproduce electronics are combined with 
the channel VU meters and the assign system [In a _ seperate 
electronics group mounted vertically In the pedestal, above and 
behind the tape transport. 


The cabinet dimenstons depénd on the exact configuration of 
recorder/reproducer supplied. The tape transport panel surface, set 
flush into the counter top surface, Is 30 Inches (74 cm) above the 
floor for a convenient operating hefght. The remaining overall 
dimenstons are Included in the specifications, Table 1-2. 


The cabinet rests on high quality casters, allowing the system to 
be easily moved about. 


1.1.2.2 


The. maln power supply for the system [Is contalned In a seperate 
unit, as shown In Fig. 1-1, to be situated In a location relatively 
remote from the tape transport and electronics units. This Is done 
to promote adequate cooling, as well as to minimize hum and other 


Interference entering the recording and reproducing circuits. The 
power supply {ts provided with a 6 ft. Interconnecting cable which 
plugs Into the bottom of the tape transport. ‘ 


FIlgure 1-1 to be inserted here 


Ordinartly, satisfactory operation will be obtained with the power 
supply Installed In the bottom of the cabInet (see Section 2: 
INSTALLATION). The power supply measures 10 1/2"w x 15"! x 8"h 
(26.7cm x 38.1cem x 20.3cm), [Including the carrying handle. 


1.1.2.3 


The VSO (variable speed osc!I!ator) Is housed In a remote control 
unit, with 6 ft. of Interconnecting cable and plugs Into the bottom 
of the tape transport. Its external controls consist of a rotary 
control knob with a dtgital readout for precise adjustment of 
varlable tape speed, a switch to select either fIxed or varlJable 
tape speed, and a meter to Indicate relative speeds. This meter Is 
also used to align the speed control circults. as wel] as Indicate 
stable operation. By Itself, thls unft Is 3 3/4"w x 6 1/4"1 x 3h 
(9.5em x 15.9cm x 7.6cm), as shown in Figure 1-2. However, when 
another remote option [s provided, the VSO fs Integrated Into that 
unit, as described later in this section. 


Figure 1-2 to be Inserted here 


1.2 TAPE TRANSPORT 
1.2.1 TRANSPORT MAIN ASSEMBLY 
1.2.1.1 


The tape transport unit Is In the form of an exceptionally rigid, 
prectsely machined one Inch thick base plate, mounted on a chassis 
frame, and set into the counter-top surface of the cabinet. Mounted 
on the base plate are the reel drive motors and hubs, head stack 
assembly with tape guides and reverse Idler, and the tape drive 
speed and record/play controls. The base plate Is covered with a 
removeable dress panel. All of the tape drive electronics (except 
for the optional autolocator remote control) are mounted Instde the 
chassis, accessible from under the chassis when it Is tipped up for 
service. The blas osc{ilator/amplifter module and all of the record 
ampliffer/playback preamplifier modules. for the 16 and 24 track 
system are mounted on the front of the chassis. These modules are 
accessible for service and adjustments by pulling open the front of 
the cabinet and swinging It down. For the 32 and 40 track systems, 
five of the amplifier modules are front-mounted, and the rest of 
them are mounted under the transport chassis, and are accessible by 
tilting up the transport. 


The blas and amplifter modules are plug-in units, secured [In place 
by screws. All of the tape motion control modules and active 
cilreult elements are also plug-In. . 
Dimensftons of the tape transport are: Included In the 
specifications. 


1.2.1.2 TAPE TRANSORT CONTROLS 


The tape transport controls are segregated Into “two separate 
groups, one on each side of the head stack assembly. The left hand 
group consists of five IIghted alternate action pushbutton switches 
which contro! and tally the conditions under which the machine Is 
to operate (power, tape speed, sync, and channel assignment 
control). The right hand group consists of six lighted momentary 
pushbutton switches which contro! and tally the dynamic (shuttle) 
motion of the tape and the record function (play, record, fast 
forward, fast rewind, stop and load). 


The right hand group of tape controls Is duplicated In an optional 
remote shuttle control, which may be combined with other remote 
options. The tally [Ights operate on both controls stmultaneously, 
regardless of which control the last command came from. 


The exact functions of these controls are-explained In detal! In 
Section 3: OPERATION. 


1.2.2 TAPE REELS 
1.2.2.1 


The Stephens 821B system is designed for use with tape reels having 
standard NAB hubs, 4 1/2" (11.4cem) diameter. The 821B-103 systems 
will accomodate reels up to 10 1/2" (26.7cm) diameter. The 821B-104 
systems wI1l accomodate reels up to, 14" (35.6cm) diameter. 


+ 


1.3 RECORD/REPRODUCE ELECTRONICS 
1.3.1 TRANSPORT MOUNTED MODULES 
1.3.1.1 


The bias module Is constructed on a metal plate which acts also as 
a heatsink, and Includes not only the bias osci||tator and buffer 
ampliffer, but also voltage regulators for power to the audio 
cIrcutts. This Is a plug-In module, mounted at the left on the 
front of the transport, and Is Identified by part number 2000; It 
Is shown In Figure 1-3. 


Figure 1~3 to be Inserted here 


1.3.1.2 


The playback preamplifiers, sync relays, record relays, and 
recording amplifiers are assembled on plug-in modules, each module 
encompassing four channels. Thus, a 16<track system utilizes four 
such modules; a 40-track has ten of them. These modules are 
Identiffed as. type 3100 modules. However, the Individual module 
part numbers are carried as 3101 thru 3110, because the modules 
have actual ‘channel numbers’ printed on them; e.g., a number 3101 
module panel has channel numbers 1,2,3 and 4 printed on It, a 


‘number * 3102 panel has 5,6,7 and 8, etc. Otherwise, the modules are 


Identical. This module Is shown In Figure 1-4. 


Figure 1-4 to be Inserted: here 


1.3.2 ELECTRONICS GROUP = SYNC PANEL 
1.3.2.1 


The remainder of the record/reproduce electronics elements are 
housed [n a chassis behind and above the tape mechanism. The front 
panel (sync panel) Is hinged, and swings. open for access to these 
elements. 


The [tne input clrcultry and the monitor (playback) booster 
amp!tfters are assembled on plug-In cards, each card contains four 
channels (see Figure 1-5). The cards are mounted Inside the 
chassis, and are Identifled by the part number 4400.‘ 


1.3.2.2 
The channel VU meters are mounted In the hinged syne panel. Each 
meter has its own rectifier and calibration board mounted directly 


behind the meter. 


Figure 1-5 to be inserted here 
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1.3.2.3 


Connectors are mounted In the electronics group chassis, accessible 
from the rear of the cabinet, for all connections to the 
electronics group. These Include one or more connectors for cables 
from the transport, one connector for the cable from the remote 
electronics option when supplied, and two or more connectors for 
the userts Input and output circults. Adapter cables 6 feet long 
are supplied for this last application, terminated In XL type 
connectors for the user's connections. 


1.4 LOGIC ELECTRONICS 

1.4.1 

The all solftd-state logic system controis tape motion and speed, 
selection of assign combinations, relays used for switching some of 
the audio, and blas record circults. Audio switching In the IIne 
amp!Iffers annd all EQ switching Is done with solid state devices, 
under contro! of the logic system. 

1.4.2 


The Individual channel assftgnment controls and Indicators are 


-mounted In the lower portion of the sync panel. These consist of a 


2 


rotary switch knob for selecting the channel to be assigned, five 
momentary pushbuttons for assigning the desired conditions, and 
four LED Indicator IIghts for each channel to show Its assigned 
status. The operation of this function Is fully explained in 
Section 3: OPERATION. 


1.4.3 


The major portion of the tape motion control circultry Is found on 
two plug-in cards [Inside the tape transport chassis, accessible 
from under the chassIs when. It Is tipped up for service. These are 
the converter card, part number 10164, and the ‘servo card, part 
number 10163.- The remaining tape motion circuit elements are 
Individually secured +o the ‘transport chassis and “permanent! y" 
connected to the matin wiring harness;, however, all “active 
elements and’ relays are "plug-In". 


1.4.4 


The channel assignment cIrcultry Is located Inside the electronics 
group chassis, on the rear side of the sync panel (hinged door). 
The LED Indicator lights are mounted on a long printed clreult 
board behInd the panel, permanently wired to the harness. All 
active circuitry Is contaIned In the multiplexer card; plugged Into 
the harness and mounted on the LED card In "piggy back" fashion. 
This setup 4s dupltcated In the optional remote electronics unft. 
The. muttiplexer card 1s Identified by part number 10195. 


1.5 POWER SUPPLY 
1.5.1 


Except for the voltage regulators controlling power for the audio 
ctrcutts, and a small regulator on the converter card, the power 
supply clreultry Is contalned completely within the power supply 
unftt. This Ts a composite assembly comprising a small, 
sel f-contalned,. sel f-regulated unftt supplying power for the 
autolocator system (Included only when the autolocator option Is 
supplied), and the Individual elements for the rest of the system 
requiring higher power. The regulator ciIrcutts for the latter are 
contained In a plug-!n regulator card, part mumber 10196. The power 
supply system Is more fully explained In Section 4: MAINTENANCE. 
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14 1/2 7 3 

(36.8) (1748) =| (7.6) 

7 3/4 5 374 3 
(19.7) (14.6) |. (7.6) 


1.6 OPTIONS 
1.6.1 STANDARD OPTIONS. 
1.6.1.1 


There are a number of optional features avallable on a "standard 
option" basIs,. Including vartous remote control features and a 
syne-lock feature. The remote functions Include: 


(1) remote shuttle control 
(2) remote electronics (assign controls and [ndicators) 
(3) Q=I1 automatic tape position locator (autolocator) 


1.6.1.2 


When optional remote control features are suppifed with a system, 
they are usually combined with the VSO remote control, with some 
exceptions. Table 1-1 shows the "Standard Option" combinations 
avallable and the control box size for each; the dimenstons apply 
In each case with the box resting on a supporting surface with Its 
control panel facing upwards and bottom of panel toward the 
observer. 


53/4 
19.7) | (14.6% .| (8.9) 


7 12 40 4/2 3 
(1941) (26.7) | (7.6) 


16 5 3 
(40.6) (22.9). (7.6) 


Table 1-1. Remote Combinations and DiImenstons 


1.6.1.3 


All remote control unIlts are supplied with 15 foot Interconnecting 
cables, unless: ordered otherwise as a special option. The remote 
electronics (remote syne panel) circults are connected to the mafn 
system through*a ‘connector located In the back of the electronics 
group chassis. All other remote control circults go through a 


single connector tocated Inside the tape transport chassis (near 
the power supply connector). Consequently, depending on whieh 
combinatlon of remote options ts supplied, the Interconnecting 
cable(s) may be split at one end or the other. 


1.6.1.4 


Any option combInation supplied with the system for which this 
manual Is Issued ts [llustrated on the next page (Figure 1-6). 


1.6.2 SPECIAL OPTIONS 


Special features are available on a-custom basis, to meet special 
requtrements of the user. All such special options incorporated In 
the machine for which ‘this manual fs suppl ted are described fn 
supplementary pages at the end of this section. 


1.7 SPECIFICATIONS 
1.7.1 MODEL: 821B=104A-24 RECORDER/REPRODUCER 


PERFORMANCE 


MECHANICAL 


Tape Speeds: 15 IPS, crystal controlled, phase locked 
30 IPS, crystaj controlled, phase locked 
60 IPS, crystal controlled, phase locked 
10 to 80 IPS, continuously vartable, manually 
controlled 


Flutter (RMS): 15 IPS, .045% max.; .03% typ. 
30 IPS, .035% max.; .02% typ. 


Start Time (Play or Record mode): 1/2 second, max. 
Stop Time (Play or Record mode): 1 second, approx. 


Rewlnd Time (2400 feet): 1 minute, approx. 


ELECTRICAL 


regen Response: 
15 IPS, +/~ 1 dB, 40Hz-15kHz; +/- 2 dB. 25Hz-18kHz. 
‘30. 1PS, +/=- 1 dB, 50Hz-20kHz; +/- 2 dB, 45Hz=-22kHz. 


“Input Impedance: 10,000 ohms. unbalanced, bridging for 600 ohms 
source, 


Input Level: From -10 dBm to +8 dBm. 
Output Impedance: Designed +o work Into load of 600 ‘ohms min. 
Output Level: +4 dBm nominal, +24 dBm max. 
Stgnal-to-Nolse Ratio: 
Referenced to 1040 nWb/m 3%. THD; unwelghted wideband measured 
us—ng 250° tape: : 
Tape Stopped: 77 dB. 
15 IPS: 71 «dB 
30 IPS: 72: dB 
Bias and Erase Frequency: 204 kHz. 


Power Requirement: 125 watts, 110/220 VAC, 50/60 Hz. 


PHYSICAL CHARACTERISTICS 


Number of Record/Reproduce Channels: 24 
Maximum Reel Diameter (NAB hub only): 14 Inches (35.6 cm) 
Stze and Welght: 


Cabinet Overall: See Figure 1-7 
Component Units (unmounted): 


COMPONENT DIMENSIONS, INCHES (CM) | WEIGHT 
UNIT WIDTH DEPTH. HEIGHT LBS (KG) 


0 


2.0 ° INSTALLATION 
2.1 GENERAL 
2.1.1 


Upon recelpt from the factory, al! equipment should be unpacked and 
Inspected for damage In shipment. Also, the Items should be checked 
against the packing {Ist to vertfy that all Items were received. If 
any damage or shortage Is apparent, [Immediately report the 
circumstances to the transportation company and to Stephens 
Electronics, Inc. 


2.1.2 


The tape reproducer system Is partially disassembled for shipment, 
and must be reassembled upon receipt at Its destination. Whlle this 
Is a simple process, nevertheless considerable care must be 
exercised In handiIng and Installing the component assemblifes to 
preclude [Inadvertent damage. 


It Is particularly [tmportant that the tape heads, Idler, and tape 
guides be completely protected while handling and tnstalling the 
tape transport. The heads..are made of relatively soft metal and are 
easily scratched or dented; the idjer ts supported on ball bearings 
of exceptional prectstfon, easily rutned by any sharp blows; all of 
‘these. elements have a highly finished surface which must be 
malntatned for proper operation. 


NEVER ATTEMPT TO LIFT OR MOVE THE TAPE 
DECK BY THE 'HEADS, GUIDES OR IDLER! 


2.1.3 


A further warning -regarding the reel drive motors [s [In order. 


“These motors are serviceable only by the manufacturer, due to the 


highly. sophisticated design and delicate construction Internally. 
At no time during. assembly, Installation, operation or maintenance. 
may these motors be opened, cleaned ‘or lubricated. If a motor 
appears to malfunction, call the factory! 


NEVER LUBRICATE, CLEAN OR REMOVE 
THE COVER FROM A REEL MOTOR! 


2.1.4 


When Installing the Interconnecting cables, make sure that the 
power ‘supply cable (connector J301) Is ‘never plugged Into the 
connector J1405 on ‘the back of the electronics group chassis (syne 
panel). Should this happen while the-power cord of the power supply 


Is plugged [nto a power outlet, certain elements [In the sync panel 
will be destroyed Instantly. The power cable connector J301 should 
be plugged Into the mating connector P301 Inside the transport 
chassis only. 


¢ 


2.2 ASSEMBLING THE SYSTEM. 
2.2.1 , 


The complete system Is normally packed In two crates for shipment. 
The smaller crate contains the tape transport assembly, with the 
Plug-In components removed. The larger crate contalns. the rest of 
the system, Including any accessortes and optional equipment, as 
well as the transport Items which were removed. 


2.2.2 


The pedestal portion of the cabinet ts stowed In the rear lower 
part of the cabinet, with the electronic group (syne panel) 
Installed. Remove the pedestal from Its stowed position, set It In 
Place atop and at the rear of the lower cabinet. Secure with the 
huts, bolts, and washers provided (Flgure 2-1). 


Flgs. 2-1, & 2-2 to be Inserted 
In this area. 
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FIGURE 2-3. Transport Module Installation, 24 Track. 


2.3 EXTERNAL CONNECTIONS 
2.3.1 POWER SUPPLY 
2.3.1.1 


The power supply Is provided wlth a 2-<wire primary power cord 6 
feet long. When ready to apply power. to the system, this cord 
should be plugged Into a 115 volt, 50 or 60 Hz power outlet only. 
Stnce the system Is not grounded through the power connection, [tf 
depends on its connections to other equipment for grounding, which 
precaution Is necessary [In order to avold "ground loops" with thelr 
attendant problems. In the audio circuits. For safety, the system 
should be so grounded before application of primary power. 


2.3.2 


Route the cable from the VSO remote control (or whatever optional 
remote control unit Is suppl ted) through the opening In the back of 
the cabinet -and up to the transport chassis. Plug the connector 
P302 tnto the mating connector J302 mounted Inside the chassis on 
the rear wall, as shown Im Figure 2-2. 


NOTE: The VSO must’ be connected for proper 
machine operattion, even ~though only 


flxed~speed operation Is desired. 


2.3.3 
Tf the remote electronics option Is supplied, elther separately or 
combined with other remote options, route Its cable behind the 
cabinet and plug Its connector P1405 Into the mating connector 


J1405 on the back of the electroni’cs group chassis, as shown In 
Filgure 2-4, 


2.3435.1 


For connection of external [Input and output audio clreufts, split 
cables are supplied. Each cable assembly Is termimated on one end 
with a multipin connector, and the other end Is split Into several 
smaller cables, each terminated In a Switchcraft type A3M or A3F 
(Canton XLR type) connector. These cables are 6 feet long unless 
ordered In other lengths. One. cable assembly (WI) Is used for 
configurations -up. to 16 track, while- two cable assembifes (W1 and 
W2) are used for ‘the 24, 32,and 40: track configuration. 


2.3.3.2 


The multipin connector(s) P1401 (or P1401 and Pt402) should be 


plugged [Into the mating connector(s) J1401 (or J1401 and J1402). on, 


the back of the electronics group-chassls, as. shown [n Figure 2-4. 


2.2.3 


Pull open the front panel on the cabinet and swing It down out of 


the way. Remove the tape transport assembly from Its crate and set 
It In place In the cabinet top. Slide [tt forward slightly, and lift 
the front up to tip the transport up-to a vertical position; turn 
the transport slightly so that I+ will rest [n the upright 
position. Plug In'the relays K1, K2, and K3, and the converter and 
servo cards [Inside the transport chassIs as shown [In Figure 2-2. 
(Install the blas module and the recording amplifler modules at the 
front of the transport chassIs as shown in Figure 2-3. 


2.2.4 


Set the power supply In place In the bottom rear of the cabinet, 
route the power cable W101 up to the transport chassis, and plug 
the cable connector J301 Into the connector P301 Inside the chassfs 
(Figure 2-2). 


2.2.5 


Route the cable W302 from Instde the transport chassis down below 
the chassis, out the-back of the cabinet, and up to the rear or the 


electronics group chassis. Plug the connectors P1403 and P1404 Into. - 


the corresponding ‘connectors J1403 and J1404 as shown In. Figure 
2-4, 


2.3.3.3 


The user's connections to his mating audlo connectors should be 
made in accordance with the standard connection sequence as shown 
In Table 2-1 below: 


’ 


| PIN | CIRCUIT 
SHIELD (GROUND) 


AUDIO COMMON (GNDY 


| 3 | AUDIO HIGH 


TABLE 2=1.. Audlo Cable Connections. 


2.3.3.4 


The audio connectors on cable W1 (and W2) are In accordance with 
the Industry standard; f.e., the connectors for the recording Input 
to the system are female type (Switchcraft A3F), and the monttor 
output connectors... are’ male type (Switchcraft A3M). Therefore, the 
user should terminate hIs record bus Ifnes Im type A3M (cord grip) 
or D3M (panel mount) connectors or equivalent, and should terminate 
his monitor Input (playback) lines In type A3F (cord grip) or OD3F 
(panel. mount) connectors or equivalent. 


The recording Input clircults are unbahanced (common slde grounded), 
and witl accept stgnal levels from -10 dBm to +8 d8m for a nomina 

+4 dBm recording; level ("0" on the VU meters), adjustable as 
explained in the paragraphs on alignment. ‘The system [nput 
Impedance Is 10k ohms, resistive. If It Is necessary to load the 
record .bus circults from the console or other source, this should 
be done externally. usually, a 620 or 680: ohm resistor across each 
Hine will work. 


‘The monitor output circults from the system are unbalanced (common 


side grounded), low {Impedance sources, and wil! work Into a load 
Impedance of 600 ohms or higher; additional circult loading ts 


‘unnecessary... 


2.4 LOCATON 
2.4.1 


Location of the equipment fs generally non-critical, the usual 
precautions should, of course, be observed, such as keeping the 
environment dust and grit free, protecting the cables from being 
walked on or otherwise damaged, etc. The cabinet should not be 
pushed back tightly against a wall, as this would restrict cool tng 
alr flow around the power supply. There should be at least 5 or 6 
Inches of clearance behind the cabinet. Areas with a strong 
magnetic hum fteld should be avolded. 


Zo ALIGNMENT 
2.5: 


Upon comptetion of the Installation procedures previously descr Ibed 
In, this section, perform the alftgnment procedures described In 
Section 4: MAINTENANCE, sub-section 4.3, ALIGNMENT PROCEDURES. 
Since this entatls operation of the system, Section 3: OPERATION, 
should first be studied sufficiently to assure a thorough 
understanding of the system controls and operation. 


3.0 OPERATION 
361 GENERAL 
3.1.1 FOREWORD 
3.1.1.1 


The main objective of this section of the manual, “operation", Is 
to promote the user's greatest possible realization of the 
capabilities and convenience of the Stephens 821B Recorder/ 
Reproducer. A full understanding of the control functions and the 
principles behind them wIitl contribute greatly to such a 
realization. With this end In view, the specific pre-operating and 
operating procedures are preceded’ by a detaltled description and 
explanation of the controls and ‘their functions. The user Is urged 
to read and understand these earller paragraphs of this section 
before operating the system. 


3.1.1.2 


The exact procedures for operating the 821B wi!l depend to some 
extent on the monitor facilities of the associated audio control 
console. In the detatled procedures set forth In part 3.4 of this 
section, It 1s assumed to be desfrable that. all console monitoring 
and studlo cue circult Inputs be derived from the 821B outputs, and 
that primary monitoring of the record channel Inputs will. be done 
through. the console VU meters. However, If certain features of a 
particular console make other arrangements preferable, a thorough 
understanding of all of the 821B's control's will faci|l!tate the 
formulation of such varlations to satisfy the user's needs. 


For: example, on some consoles, I+ may be more convenient ‘to switch 
the monitor sources between tape play and record bus or mute at the 
console, In whlch case thé 821B assIgns could be left In PLAY. 


3.1.1.3 


A word of caution about the treatment and operation of the machine 


“Is In order. The most. crttical (Cand most vulnerable!) part of the 


tape transport mechanism Is ‘the assembly comprising ‘heads, Idler 


“and tape guides. All of these elements are machined, lapped and 


fintshed to a very high degree of :prectston.. Any scarring or other 
damage on these surfaces will result [In the deterforation of 
quality and service obtainable from the machIne. 


Dul! or rough surfaces on the -heads will produce rapid build-up of 


“contamination on the heads, necessitating frequent cleaning; the 


machine should not be operated [tn a dusty envlronment. 


A sharp blow on the top of the tape Idler can "Brinell" the 


precisfon ball bearings and make them run roughly.: Or a sideways 


blow: could bend Its. support and disturb Its critical alignment. 


So, keep In mind at all tIlmes that this Is a very fine Instrument 
and treat It- with the respect it deserves! 


A word of caution also about the reel motors. Never, under any 
circumstances, should the reel drive motors be /ubricated, nor 
tampered with tn any way! This. is true even though a slight brush 
squeak or bearing noise develops. Never even remove the motor 
cover. Cleaning or applying lubricant to the bearings or _ brushes 
will inevitably cause damage and malfunction. If any question 
arftses regarding the motor, call the factory. 


3.1.2 CONTROL PHILOSOPHY AND PRINCIPLES 
3.1.2.4 


The tape control system of the Stephens 821B Recorder/Reproducer Is 
des{gned to perform as many normal functions automatically as 
possible, and at the same ‘time to permift a great deal of 
flexibility. For example; when recording on certain selected 
tracks, the normal play cirecults for the remalning tracks are. 
automatically switched to sync, so that the channels used for 
monttoring and .cueing will not be out of synchronism with those 
being recorded. However, selected channels can be transferred to 
source Instead, or muted If desfred, through the use of the assign 
feature. 7 


“Automatically -gotng to sync when recording does not present any 


[Tstening quality: problem, as the unique design of the recording 
head and assoctlated circults results In quality [fdentical to that 
of the playback head. 


Other flexlbTlitites are desl!gned Into the system, as will become 
evident In the fol-lowing explanatory paragraphs. 


3.1.42.2 


The tape system ‘controls are grouped according +o. functional 
categories, and consist of pushbutton switches and tally lights. 
All tape motton controls and "play" master mode controls are 
located on the ‘tape deck, and the tally for each of ‘these 
pushbuttons Is a tight withthn the button -tself. The controls for 
asstgning fhe Individual channel modes are located on the sync 
panel above the tape deck, and the corresponding tallies for each 


channel are Individual Jfights. 


The tape motion and master mode controls are further separated [nto 
two groups, both located near the front edge of the tape deck as 
shown Im Figure 3-1. The left hand group [necludes those switches 
which are "static" controls; f.e., those which are normally set 
once and not changed during. a given take or session. ‘These are al] 
“alternate-action" switches (push-on, push-off), and, except for 
PRE, are not dupibcated In any remote options. The right hand 


switches comprise the "dynamic controis"; I.e., those which 
actually start and stop the tape and the recordtng/playback 
processes. These are-all momentary. switches with electronic 
latching, and are duplicated In varlous optional remote control 
units. F 


Erase. 
Head 


Play 
Head 


Record REWIND 
Head Button 
SYNC LOAD 

Button Button 

3.0 IPS. FORWARD 

Button Button 


POWER Button PLAY Button 


PRE Button STOP Button 


“SCAN Button RECORD Button 


The controls. for assigning Individual channel modes are located on 
the syne panel, Just below the channel VU meters, as shown In 
Figure: 3-2: Because of the large number of switching -cltrcults 
Involved, the controls consist of a single rotary switch (knob) for 
selecting one channel! at a time, and a sIngle set of five momentary 
push=button switches te.engage and electronically latch the deslred 
mode combination for each channel In turn. To the ‘left of these 
switches are the tally Itghts, four for each channel, showlIng the 
assigned status. for each Individual channel. All of these Controls 
and tally Lights: are dupltcated [n various optional remote control 
units. 


One additlonal control group Is supplied, the VSO (variable speed’ 
osclilator)..This' ts:al:ways In a seperate, remote unIt”’as explained: 
In Sectton 1/0, DESCRIPTION. The VSO unit Includes: 


(T) a vartable tape speed control 
' (2) a switch with which to select flxed- or varfable= speed 
mode 
(3) a meter for monttoring the speed- control system. 


This control group Is not duplIicated eisewhere.. 


3.1.2.3 


All push button switches, except for those on the 


sync panel, 
Incorporate tally lights to show status of the associated 
functions, the sync panel push-button assignments are tallied by 
the individual channel lights. 


3.2 CONTROL FUNCTIONS 
3.4201 TAPE CONTROLS - STATIC GROUP 
3.2.1.1 


The left hand group of tape controls, considered "static" since 
they. are usually not changed during operation, tncludes: 


(1) The main POWER on-off switch and Its tally ITght. 

(2) A switch to select 15 -or 30 IPS tape speed, and Its tally 
light. 

(3) An overriding SCAN tape speed switch and Its tally light. 

(4) A SYNC mode tally light with a switch to override the 
automatic "syne" mode during playback. 

(5) A PRE tally [Ight with a switch to activate the assigned 
cond{itfons. 


These control! functions are explained below, and are also tabulated, 
In paragraph 3.2.5: CONTROL SUMMARY TABULATION. 


3.261.2 


The POWER switch controls the system's primary power. Pressing the 
switch. once applies power and II luminates the tal ly light [In Its 
button. The system "wakes up" as fol lows: 


“ (1) All channel asstignments are ‘in NO REC. and PLAY 
conflguration Gas explalned later In paragraph.3.2.3). 
(2) The remaining switches [n this group are as previously. 
‘set. 
(3) The tape motion:mode [ts elther 1n STOP or LOAD.. 


Without the optfonal autolocator, the tape motion will be fn "load" 
mode (explafned tater In paragraph 3.12.2). The tally Is not tighted 
and «no torque:[s applied to the reels; they will remain motionless 
with or without tape. 


With the autolocator option installed, the tape motton.mode will be 
stop" (with the STOP. tally lighted), which appl tes low torque to 
both reels. With tape threaded normally, no tape motion wiIl occur; 
without tape, the reels will rotate slowly In opposite directions, 


:which can be stopped by pressing. the LOAD button. 


3.2.1.3 


With neither the 30 IPS nor the SCAN switch on, the tape speed Is 
15 LPS when In play or record mode. Pressing,*the 30 IPS? switch once 
will change ¢+this to 30 IPS, and Its tally ‘Ttght will Indicate the 
"30 LPS" condiffton. The takly stays'.on regardless’ of the dynamic 
tape mode; this control Is effective only In "pay" or "record". 
Pressing the switch™agatn will turn off the tally “ITtght, and the 
play/record speed reverts to 15 IPS. 


P The 30 IPS switch also changes the equalization to correspond to 
Cy the tape speed selected. 


3.2.1.4 


The "SCAN" speed function will override the 15/30, IPS control, and 
Is used normally for a rapid search of a recorded tape to find, 
audtbly, a certain position or passage, or for timing. Pressing the 
SCAN switch once will generate a tape speed of 60 IPS when In 
"olay" or "record" mode, regardless of the 30 IPS control setting, 
and the SCAN tally IIght wl!l tndtcate this condition. (The 30 IPS 


lIfght wlll rematn on or off, even though that control Is overridden 
by SCAN.) Pressing, the SCAN button again will turn It off, its 
IIght wlll go out, and control will revert to the 30 IPS switch 
setting. 


The equalization ts not changed when SCAN Is engaged, but remains 
in whichever status [s- determined by the position of the 30 IPS 
switch. 


3.261.5 


Both the SYNC and PRE switches may be regarded as a form of master 
Gontro! for the "play" mode of operation. The preassigned monitor 
O sources -are automatically In effect ‘In all modes (Including STOP ) 
except for "pay" mode. When the machine fs In "pray", the PRE 
switch will determine. whether the monitor source [s the tape (PRE 
switch off), or the preassigned source or MUTE (PRE switch on). 


The "syne function (explained in paragraph 3.2.1.7) Is 
‘automatically engaged only when the machine Is In "record" mode; In 
all other modes, the SYNC switch determines: whether or not "sync" 
1s engaged. 


3.2.1.6 


The "PRE" (preassign) function sets Into operation the varlous 
monttor recorder output) modes which have been selected at the 
sync panel. foreach Individual channel (as expfatmed tater in 
paragraph 3.2.3). Thi's 1s done in all tape modes except "pray", and 
: “Is also true of "play" mode If the PRE switch has been actuated. 
‘ The PRE tally tight Is on whenever the assign function Is engaged, 
whether automatically or through the switch. When PRE Is off, In 
the "play" mode, the monitor source ts the playback circult for all 
channels‘ (playback head, or record head If "sync™ Is engaged). 


. 


The PRE switch Is the only one In the left hand group which might 
be duplicated elsewhere. When the Remote Electronics option ‘i's 
= supp.lted; In efther of Ifs configurations, It Includes Its own PRE 
sswitch*and tally. Elther of ‘the PRE switches willl engage the assign 
function in "play" mode, and will Ifght both tally lights. To 


2 


>> 


disengage the assign function In-"play™, both PRE switches. must be 
off, and both tally lights wlll be extingulshed. 


3.2.1.7 


The term "SYNC" [Ts an abbreviation of the word "synchronism™, The 
purpose of the "sync" function fis to. make It possible to I{sten to 
certain pre-recorded tracks as. an accompanlement for recording 
addittiona! tracks. In synchronism with the original tracks. This Is 
done by using the pre-recorded track record head as a playback 
head, with no sacrifice in quality. (The normal playback head fs 
not synchronized with the record head, and cannot be used for this 
purpose.) 


WIth one exception, (paragraph 3.2.1.8), the "sync" function 
transfers all "play" channels from the playback (reproduce) -head to 
the record head. This Is done automatically In the "record" mode, 
and {ts also true of the other modes If the SYNC switch has been. 
actuated. The SYNC tally light Is on whenever the play clrcults are 
In "syne", whether automatically or through the switch. 


Note that this monttor source prevalls only for channels assigned 
for "play"; It does. not apply to channels assigned to elther MUTE 
or SOURCE If the PRE tally ts lighted. 


O 3.2.1.8 


The exception mentioned above occurs while recording. Obviously, 
recording on a glven track makes that parttcular record head 
cIrcult unsuitable for playback; therefore, any channel which Is 
actually recording has Its play source switched back to the 
playback: head. This, of course, puts It out of synchronism with the 
other channels, and. consequently It Is advisable to assign that 
‘channel! to SOURCE or MUTE’ as described later. 


’ 


3.2.2 TAPE CONTROLS, - DYNAMIC GROUP 
3.2.2.1 


The right hand group of tape controls, commonly called "shuttle 
controls", is considered "dynamic" since they control the actual 
tape movement. This group Includes PLAY, RECORD, STOP, FORWARD, 
REWIND, and LOAD push button switches, with tally Itghts 
Incorporated. These control functions are explained below, and are 
also: tabulated In paragraph: 3.2.5: CONTROL SUMMARY TABULATION. 


The tape motion can be changed from any mode directly to any other 
mode, by pressing the appropriate button or butons (except as noted 
in paragraph 3.2.2.3). 


O The ‘dynamic tape controls are duplicated In the optional remote 
shuttle control when supplied. Dynamic tape modes or mode’ changes 


tthe 


| 


can be Initiated from either control, regardless of where the 
previous command came from. 


3.2.2.2 


The "STOP" function may be engaged while in any other mode, and 
serves to bring tape motion to a safe, controlled stop. The manner 
In which it does so entails a departure from older, more 
canventional machines, as explained below. 


Tape motion in the Stephens system Is accomp| ished without capstans 
and pinch rollers, by precise control of power to the reel motors. 
In order to maintain proper tape tension at all times, these motors 
must have torque applied to them continuously, even In the stopped 
position, and therefore there are no static (friction) brakes on 
them. Stopping is accomplished by Increasing the reverse torque on 
the feed reel motor, and reducing the torque on the takeup reel. As 
soon as the tape stops, both torques are reduced to a low holding 
value. The tape lifters are actuated while stopping, and remain 
actuated unti|l the tape comes to a stop. 


One precaution should be observed when stopping the tape. Should 
the tape run completely off elther reel, pushing STOP wil! cause 
both reels to rotate at high speed, In opposite directions, because 
of this torque; therefore, push the LOAD button Instead; this 
removes all torque (as explained below) and permits the reels to be 
stopped by hand. 


With this one exception, stopping tape motion Is always done with 
the STOP button. 


3.2.2.3 


The "LOAD" function removes all torque from both reel motors, and 
leaves them free to be turned by hand. This feature [Is used not 
only to unload or to load and thread the tape on the machine, but 
also for editing. 


The "play" audio electronics continue to function In all tape modes 
except "record". Thus, going Into "load" mode allows you to move 
the tape slowly by hand while listening for a precise location on 
the tape. Furthermore, holding LOAD and pressing RECORD and PLAY 
simultaneously puts the electronics In "record" mode, so that you 
can move the tape by hand to erase precise portions of a track. 


To release the "record" function and remain [n the "load" mode 
simply press and release efther the PLAY or RECORD button by 
itself. However, to release the "load/play" or "load/record" mode 
completely, It 1s necessary to press STOP, FORWARD or REWIND. 


CAUTION: Do not press LOAD when tape Is running 
normally, expecially In FORWARD or REWIND, as 
the removal of torque under these conditions 


can easily. result In spilled tape. 


302 e204 
The "PLAY" functton does two things: 


(1) I+ starts the tape moving, at the speed determined by the 
static controls (paragraph 3.2.1) , 

(2) {t+ Interrupts the assign function and reroutes It through 
the PRE switch. 


3.2.2.5 aw eS 


The primary functlon of the "RECORD" switch Is to actuate the 
selected record circuits and to start the overal! recording 
process. However, pressing RECORD by Itself willl not do this, as [t 
Is electrically Interlocked to prevent accidental erasure. To start 
recording, It Is necessary to press PLAY and RECORD simultaneously 
(whether or not already running In "play" mode); It does not matter 
which one Its pressed filrst or released first. 


When the machine fs operating [n "record" mode, momentartly 


pressing elther RECORD or PLAY will cause [t to revert to "play™ .. 


mode without Interrupting the tape motion, : 


As described Im paragraph 3.2.2.3, the "record" mode audio 
functions can be engaged while holding. the tape fn "load" 
(mottoniéss)) mode. When In this. "foad/record"™ mode, momentary. 
pressing elther RECORD-or- PLAY wll cause it to revert to the 
combined "load/play™ mode. 


3.2.2.6 


‘The U“FORWARD" - and "REWIND" functions provide for fast tape 
shuttling. Efther of these modes can be. engaged at any time, and 
from any other mode. During the fast shuttle tape movement, the 
tape Illfters are energized, to» avold unnecessary head wear and 
excessive audio. level. 


As mentioned [In paragraph 3.2.2.2, a fast shuttle should be 
terminated by pressing STOP or PLAY, unless the tape has run 
completely off one reel; In-which case, LOAD should be ‘pressed and 
the reelis. stopped by hand. 


342.35 CHANNEL ASSIGNMENT .CONTROL.S 
3.2.3.1 
On the "sync panel" (front panel of the electronics group), ‘below 


the VU meters,’ are the controls and Indicators for determining the 
operating conditions of the record and playback clreults on an 


Individual channel basis. These controls and [ndicators are 
duplicated in the Remote Electronics option when used;. elther set 
of controls can be used to. set or change and assignment regardless 
of which one fsisued the previous command, and both sets of 
indicators will show the current status continuously. A "select and 


-engage” system Is used, wherein a rotary switch Is turned to the 


destred channel! position, and the desired assigned conditions are 
then set by pressing the corresponding push buttons. This set of 
five buttons does not Include tally lights, since status Is shown 
Individually for each channel. The sync panel controls and 
Indicators are shown In Figure 35-2. 


- $99.35 .2 


The top: row of Lights (green) Indicates which channe! the selector 
‘switch Is turned to. If the system Includes a Remote Electronics 
package, there may be two IIghts on at a time. Since this row of 
lights responds to both selector switches, It might be desfrable to 
rotate one of the switches to Identify which position that swltch 
Is ‘en. 


The second row of lights (red) Indicates recording status; If a red 
light Ts on for a given channel, that channel will record when the 
tape deck Is: placedIn "record" mode. These IIghts are on for both 
"ready" and "recording" status. With the channel selector switch fn 
a gtven postfion--e.g. channel 6, pressing the red REC button will 
place: channel 6 In "record=-ready", or, tf the tape Is already 
moving In "record" mode, will place. channel 6 In "record". 
Conversely. pressing the white’ NO REC button wil! drop out channel 
6 from the “record™ or “record=-ready" status (thls fs sometimes 
called “"safe™). This row of red RECORD Indicators refers only to 
"record" mode, and has nothing to do with any “of the output 
preselected modes. 


3.2.3.3. 


‘The remaining buttons and Indicators apply only to the tape output 


functions. For example, with the channel selector {fs position 6, 
pressing the orange SOURCE button will light the channel 6 SOURCE 
CINPUT.) green Iight - 3rd row of Indicators. In this condition, 
channel 6 will output whatever sTgnal is being fed to Its recording 
Input; whenever the PRE tally fs ltghted. [f the PRE tally Is 
umlighted, the output wit! come from the playback circuits. ‘Under 
the same conditlons} assigning "mute" by pressing the yellow MUTE 
button will keep that channel output muted. This condition will be 


shown by: the bottom !Ighted yel tow LED for that channel (whlch, as 


before, stays on even when PRE Is untighted). At the same time, the 
VU meter for that cHannel~ wif! respond to the s{gnal from the 
tape.. 


Pressing the PLAY assign button will extingufsh both the SOURCE and 
MUTE indicators for that channel. 


3.2.3.4 


Perhaps It should be emphasized here that, as explained In 
Paragraph 3.2.1.8, any channel that Is recording reconnects Its 
Playback cIircult to the playback head, which puts It out of 
synchronism with the rest of the tracks. For this reason, the 


_ Monitor should be assigned to SOURCE whenever the channel Is 


assigned to RECORD, [f It Is necessary to monitor that channel 
while recording. As an alternative, assigning MUTE Instead will 
sthence the output of that channel, while the VU meter will respond 
to the playback head and verlfy that the channel is recording. 


342.4 VSO FUNCTIONS 
3.2.4.1 


In normal use, the VSO serves mainly to monitor the operation of 
the tape speed control cIrcufts, to assure that Its phase-locked 
toop system Is operating properly... When it becomes desirable to 
move the tape at speeds other than the crystal-controlled speeds of 
15, 30 or 60 I!PS, the VSO unlit comes Into play as a tape speed 
control. Moving the NORMAL/VSO toggle switch to VSO puts the 


‘ varlable speed control [nto operation,-and lights a red warning 


at 


tally tight. 
3.2.4.2 


Varlable tape speed Is controlled by means of a knob with digital 
readout, by which the speed can be adjusted above or below the 
nominal fixed speed set by the static controls. If the flxed speed 


Is set for 15 IPS, the varlable control can be adjusted to any 


“ speed between 10 and 20 IPS; If set for 30 IPS fixed speed, It can 


be adjusted between :20 and 40 IPS; and at "scan" speed (60 IPS 
fixed), the adjustment range Is 40 to 80 IPS. 


There Is no provision for measuring or Indicating the exact tape 
speed while under VSO control. The important feature Is a precise 
cia. of any glIven speed, with a _ resolution of about 
1/10%. 


In use, the varfable speed Is adjusted as precisely as required In 
response’ to. some external parameter, such as musical, pitch, or 
program timing, or synchronism with other program material, etc. 
Once the speed adjustment has been made, the digital reading above 
the control knob can. be logged, so that the same exact speed can- be 
repeated If necessary at some Jater time. The digital readout will 
be from ‘001 to 999. 


When running..the tape at some varftable speed close to a_ selected 
fixed speed, the meter pofnter will swing from side to side. The 
closer the varlable speed Is to. that fixed speed, the more slowly 
the potnter will swkng. This meter action can serve as an afd in 
estimating’ the true tape; speed when In varfable speed mode. 


3.2.4.3 


Moving the toggle switch back to NORMAL restores fixed speed 
operation, and the varfable control no longer has any effect. It 
also extinguishes the red warning light. 


3.2.4.4 


Initial adjustments within the VSO unit and resulting meter 
response are explained In Section 4.0: MAINTENANCE. 


died PRE-OPERATING PROCEDURES 
3.3.1 GENERAL 
Bie Dia Viel 


Pre-operating procedures Include those activities required to 
prepare the system for actual recording or playback operations. 
Different conditions will dictate different degrees of preparation. 
Listed below are all such procedures as would be required with a 
newly Installed system, or after a substantial period of use when 
assurance of full capability Is desired. In following these 
procedures, any of them which have already been performed or are 
not needed may be omitted. 


363.0162 

When re-using tape which has been previously used, especially on 
another machine, It Is advisable to bulk-erase the tape first. This 
will assure complete erasure of old recorded tracks. 

332 OPERATING PROCEDURES 

3.3.2.1 ELECTRONIC ALIGNMENT. 

Perform the electronic alignment procedures as described In Section 
4.0: MAINTENANCE. It Is particularly desirable to adjust blas level 
and record level whenever changing the type of tape used. 

Even If alignment Is not required, the heads should be demagnetized 
with power off and cleaned, before loading and threading a new reel 
of tape. 

3.3.2.2 POWER. 


Press the POWER button once; the tally will IIght. 


3.3.2.3 PREPARE FOR LOADING. 


lf tape has not been threaded, press LOAD. Tally will light. (If 
tape is already threaded, press STOP.) 


3.3.2.4 SAFE. 


Make sure none of the red "RECORD" tallies on the sync panel are 
lighted. A convenient way to clear all recording circuits is to 
hold down the NO REC button while rotating the selector switch 
through all positions (one complete revolution). 


Figure 3-3 to be Inserted here or 
1s above note below 


Me 


3.3.2.5 THREAD TAPE. 


Press LOAD (If not already in "load" mode). Put reel of tape In 
place (supply reel at left), rotate untiI!i It drops down over the 
hub and press down past detents until It seats solidly against the 

* hub base. (NOTE: use reels with NAB hubs only.) Thread the tape as 
shown fn Figure 3-3; make sure the tape fs outside the tape 
lifters, and Inside the magnetic shtetds. (The shields may be swung 
:out for threading. If necessary.) Anchor the free end of the tape In 


mo the takeup reel. on the right; hold the end of the tape against, the 
(@ reel hub and give the’ reel: two or three turns to anchor the tape to 
“ It. 


CAUTION: Do not bend or dotible over the end 
‘of the ‘tape to anchor [t, as any bump In the 


reeled tape may cause wow In the recording or 
reproduction! 


i ‘After threading, press STOP; tally wlll IIght, and reels wlll come ~ 
* to rest with a light tension on the tape. 


O- 3.34:2.6 TAPE SPEED. 

:* =Set desfred tape speed ‘for recording (or speed at which tape was 

+ recorded If for playback), with 30 IPS button; tally Is tighted for 

“30 IPS, or tally ts off for 15°IPS. (If 60 I'PS-Is desired, press 
°SCAN.) ‘ 


' 


3.4 OPERATING PROCEDURES 

These operating procedures should be followed only after the 
pre-operating procedures have been completed. (See sub-section 
36.36). 

3.4.1 FAST FORWARD. 


A. To transfer tape rapidly from the supply reel to the takeup 
reel, press FORWARD. This may be Initiated from any other mode. 


B. To stop fast forward, press STOP. If tape runs completely off 
the supply reel, press LOAD and stop reels by hand. 
3.4.2 FAST REWIND. 


A. To transfer tape rapidly from the takeup reel to the supply 
reel, press REWIND. This may be Initiated from any other mode. 


B. To stop fast rewind, press STOP. If tape runs completely off 
the takeup reel, press LOAD and stop reels by hand. 


NOTE: In efther fast shuttle mode, tape 


lifters hold the tape away from the heads to 
avold excessive headwear and playback level. 


3.4.3 PLAYBACK. 


A. Press PLAY to start tape moving at selected speed; tally will 
light. If "PRE" tally Is lighted, press PRE once to turn It off If 
not wanted. If "SYNC" tally fs not lighted, playback Is from 
playback head; if "SYNC" tally Is lighted, playback Is from record 
head, and can be transferred by pressing syne once. Note that 
playback from elther head Is of full quality. 


B. To stop "play", press STOP. If tape runs completely off 
supply reel, press LOAD. 


3.4.4 RECORDING 
3.4.4.1 RECORDING ORIGINAL TRACKS. 


A. Unless previous selection of recording channels Is to be 
repeated, clear all channels (safe) by pressing the NO REC button 
while rotating the channel selector through al! channels (one full 
revolution). Then rotate channel selector to each channel to be 
recorded, and press REC and SOURCE (INPUT) assignment buttons 
momentarily at each such position. The tally lights under each 
channel will verify the status. 


cy 


B. Apply program material to be recorded, or similar’ test 
signals, and adjust signals for proper recording levels. 


C. When ready to record, press PLAY and RECORD buttons 
simultaneously, and release. Both tallies will IIight, tape will 
move at selected speed and selected tracks will record. 


D. Press STOP button to end recording and stop tape motion. lf 
tape runs completely off supply reel, press LOAD. 


3.4.4.2 RECORDING ADDITIONAL TRACKS (OVERDUB). 


A. Clear all channels by pressing NO REC and PLAY assign buttons 
while rotating the channel selector through al! channels (one full 
revolution). 


B. Set channel selector to each new channel to be recorded, one 
at a time, and press REC and SOURCE (INPUT) momentarily at each 
such position. The tally lights under each channel number will 


verify the status. ’ 


NOTE: If audio output Is not desired from any 
track (recording or pre-recorded) while 
overdubbIng, set channel selector to each 
such channel and press MUTE for each such 


position. The VU meters for those channels 
which are recording will respond to playback 
head outputs, and those channels not 
recording will respond to syne (record head) 
outputs. 


C. Engage "sync"; press the SYNC button once if necessary; tally 
should be lighted. 


D. When ready to record, press PLAY and RECORD buttons 
simultaneously, and release. Both tallies will light, tape will 
move at selected speed, and selected tracks will be recording. 


NOTE: If "punch-tn" recording Is desired, 
turn on SYNC, start tape moving In "playback" 
by pressing PLAY, and listen for cue. Hold 
PLAY down and, at the Instant recording Is to 


begin, press RECORD, then release both 
buttons. Both tallies will be lighted, and 
selected tracks will be recording. 


E. To end recording and tape motion together, press STOP. If 
tape has run completely off supply reel, press LOAD. 


NOTE: If it Is desired to end recording of 
that segment but continue In playback mode 
without interruption, press the PLAY button 


at the stopping point. Then to stop playback 
and tape motion later, press STOP. If tape 
runs off supply reel, press LOAD. 


3.4.5 SELECTIVE ERASURE (EDITING). 


This procedure Is applicable where it is desired to erase a certaln 
definable portion of a recorded track or tracks. 


3.4.5.1 ERASURE PROCEDURES. 


A. Clear all channels by pressing NO REC and PLAY assign buttons 
while rotating the channel selector through all channels (one ful! 
revolution). 


B. Engage "sync"; press the SYNC button once If necessary; tally 
should be !lighted. 


C. Run tape in "play" mode If necessary, to locate passage to be 
erased. Stop tape as close to the beginning of the passage as 
possible. Flip the magnetic shield out of the way, and mark the 
tape at the record head with a grease penci! (china marking 
pencil). 


NOTE: If the start of the erasure must be 
located more precisely than Is feasable with 


STEP C, perform STEP D; otherwise, skip to 
STEP 'E:. 


D. Press LOAD. Move tape manually by hand=-turning the reels, to 
locate the precise starting point, then mark that point on the tape 
at the record head gap with a grease pencil. Press STOP. 


NOTE: Keep the tape under light tension while 


moving it manually. 


E. Run tape In "play" mode If necessary, to locate the end of 
the passage to be erased, and stop the tape at this location. If 
necessary, repeat Step D to locate the end of passage precisely. 
Leave machine in "load" mode. 


F. Manually back up the tape until the start mark is aligned 
with the erase head gap. 


G. At sync panel, set selector switch to the channel (or 
channels, one at atime) to be erased, and press REC at each such 
position. The red tally(s) for the channel(s) to be erased will 
light. 


H. Press and hold LOAD and PLAY and press RECORD, then release 


both buttons. Machine is now in the "load/record" mode. Manual ly 
advance tape by turning the takeup reel, keeping a light tension on 
the tape by braking the supply reel by hand. Advance the tape 
slowly until the stop mark arrives at the erase head gap, and stop. 
Press STOP. Erasure is now complete. 


NOTE: If the starting point of the erasure 
must be more sharply defined than 1/30 second 
for 30 IPS (or 1/15 second for 15 IPS), any 
concern about partial erasure by the record 
head can be eliminated by sticking a_ length 


of splicing tape over the record head gaps 
after STEP E is completed. When erasure is 
completed, remove the tape from the head gaps 
and clean the record head to remove any 
residue. 


3.4.6 VARIABLE TAPE SPEED 
3.4.6.1 


This procedure applies when It Is necessary to operate at other 
than fixed tape speeds (15, 30 or 60 IPS). 


A. Set the tape deck controls for the fixed speed nearest the 
desired speed; f.e., 15 IPS, 30 IPS, or 60 IPS (SCAN). 


B. On VSO unit, move the toggle switch to the "VSO" position, 
Red tally will light. 


C. Start tape moving (play), and adjust the ten-turn speed 
control knob on the VSO unit for the exact speed desired. 


NOTE: Exact tape speed Is not directly 
measured or [ndicated In the 821B. However, 
the speed control constitutes a precise, fine 
control of speed with excellent stability and 
repeatability, and Its position Is accurately 
Indicated by the digital readout above the 
knob. If you cannot reach the desired speed, 
simply set the next speed on the fixed-speed 
switches on the tape deck, and readjust the 
speed control. 


lf the desired (variable) speed is very close to the fixed speed 
setting as determined by the 30 IPS or SCAN switch, the VSO meter 
pointer will swing from side to side. If It swings and returns once 
per second for example, the actual tape speed is 61/60 or 59/60 of 
the speed set by the switches; two complete swings per second would 
equal 62/60 or 58/60, etc. Thus, by observing the meter action, you 
can often estimate actual tape speed. 


D. Log the reading in the digital readout window directly above 
the knob, for future reference in resetting to the same speed. 


E—E. To return to fixed speed operation, move the toggle switch 
back to the NORMAL position. Red tally will be extinguished. 


3.4.7 OPTIONAL EQUIPMENT. 


Operating procedures which are required for equipment or 
modifications classified as options will be found jin this 
sub-section, If such options or modifications are supplied as part 
of the 821B system for which this manual fis Issued, 


4.0 MAINTENANCE 


4.1 GENERAL 
4.1.1 
This section of the manual Is divided into five general 


categories: 


Preventive Maintenance and Precautions 

Alignment Procedures 

Corrective Maintenance (Trouble=shooting and Repairs) 
Performance Tests 

Theory of Operation 


This last section is not intended to be a comprehensive analysis of 
the design of the system; it is included primarily to help 
maintenance technicians understand how the system works, so that 
they can readily tdentify the cause of a malfunction and correct 
It. 


4.1.2 PARTS IDENTIFICATION 


In order to facilitate the Identification and locations of the 


component electrical and electronic parts of this equipment, a 
system of symbols Is used. These symbols are used In the schematic 
diagrams, the parts lists, and In some cases on the parts and 


assemblies themselves. When consulting the factory or other service 
organizations regarding parts or problems, references to these 
symbols to Identify the specific Items will help avoid ambiguities 
which can otherwise occur. 


Each integral assembly, such as chassis, PC board, switch group 
sub-assembly, head stack assembly, etc., Is Identified by a "UNIT 
SERIES" number, starting with 100, 200, 300, etc. Within each untt 
serfles, the Individual component parts are Identified by the 
appropriate prefix, the unit serles, and the component number 
serfally. For example, for unit series 700, transistors are Q701, 
Q702, etc.; capacitors are C701, C702, etc. 


For any chassis or unIt which has or will possibly have more than 
99 of any component, two or more successive unit series are 
assigned. Component prefixes are assigned as shown in Table 4.1-1, 
Circuit Element Identification; unltt series numbers are listed in 
Table 4.1-2, Unit Series Assignments. 


PREFIX 


A 
B 
c 
D 
E 
F 
| 
J 
K 
L 
M 
P 
Q 
R 
Ss 
T 
Vv 
W 
Y 
4 


DESCRIPTION 


Amplifier 

Motor or solenold actuator 

Capacitor 

Diode, rectifier or zener or photo 
Individual screw terminal or stud 
Fuse 

Indicator 

Jack or female connector 

Relay 

Inductor or choke 

Meter 

Plug or male connector 

Transistor 

Resistor, flxed or varlable 

Switch, manual or stepping 
Transformer 

Vacuum tube 

Electrical cable 

Crystal (piezoelectric resonator) 
Fliter or special passive network 
Circult breaker 

Integrated cIrcult (except amplifier) 
Power supply assembly 

Terminal board or multiple tle point 
Test point 

Socket; e.g., XQ301 = socket for Q301 


TABLE 4.1-1. Circult Element Identification, 


SERIES 


(None) 
0100 
0200 
0300 
0400 
0500 
0600 


‘0700 


0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 ~ 
1600 
1700. 
1800. 
1900 
2000 


2100 


2200 ° 


2300 


2400 
2500 
2600 


» UNIT SERIES ASSIGNMENTS 


ASSIGNMENT 


External Cables only (connectors at both ends) 
Power Supply Chassis 


Power’ Supply Regulator card 


Tape Transport Chass!Is 


‘Left Hand Switch Group 


Right Hand Switch Group 
Head Assembly 

Converter Card 

Servo. Card . 

Blas Osclilator Module 
Record Amplifier Module 
Sensor Card 

60 Hz Osci!lator Card 
Q=I1 Autolocator Computer Card 
Electronics Group ChassIs 
Meter Rectlfter Card 
Preassignment LED Card: 

n n uw n 


Preassignment Mul-tiphex Card’ (Piggyback) 
Line. Amp| Tfler Module 
Remote VS0O-Control 


Remote ‘Shuttle Control 


~ Remote-Electrontcs ChassIs 


Remote Autolocator, Control 


TABLE 4.122, Unit Series Assignments. 


4.2 PREVENTIVE MAINTENANCE 
4.2.1 CLEANING 
4.2.1.1 


The heads should be cleaned periodically to avoid excessive build 
up of contaminants from the tape. This can be done usually with 
methy | alcohol (methanol ) or, In stubborn cases, with 
methyl-ethyl-ketone (MEK). A swab of cotton or other soft matertal 
should be used, to avold scratching the soft metal of the heads. If 
MEK Is used, keep It off all other surfaces, as it can easily 
damage plastics and painted surfaces. 


4.2.1.2 


If other surfaces of the equipment need cleaning, a mild detergent 
on a damp cloth should be used. Avold getting fluids Into the 
mechanism; any spillage should be immediately wiped up and 
cleaned. 


The formica surfaces of the cabinet can be cleaned [In a_e similar 
manner or, In stubbon cases, with alcohol or acetone. 


WARNING: Cleaning with strong solvents such 
as MEK or acetone should not be done casually 
or frequently, due to the danger of damage, 


furthermore, when they are used, adequate 
ventilation must be provided, for health 
reasons. Practically all solvents are 
flammable, and their vapors explosive. 


4.2.1.3 


Dust should not be allowed to accumulate on the transport, as the 
very fine dust particles can eventually find thelr way [nto the 
bearings and cause premature wear or binding. 


4.2.2 DEMAGNETIZING 
4.2.2.1 


The record and playback heads should be demagnetized ("degaussed") 
whenever a fresh reel of tape Is to be loaded, or after any 
substantial period of use (e.g., dally). In addition, all three 
heads should be demagnetized prior to loading and threading a 
pre-recorded alignment tape, as {insurance against permanently 
damaging it. Tapes should be removed from the machine, and all 
tapes kept away from the immediate vicinity, while demagnetizing 
the heads. Demagnetizing should be performed with the machine 
turned off. 


4.2.2.2 


Turn the demagnetizer on while several inches away from the heads, 
move it slowly to the head gaps, along the row of gaps, and slowly 
away from the head several Inches before turning the demagnetizer 
off. Each head should be processed [In this manner in turn. (It Is 
not necessary to turn off the demagnetizer until the last head has 
been done.) 


WARNING: Exerclse extreme care _ to avold 
scratching or marring the polished surfaces 


of the heads. If Is preferable to use a 
demagnetizer which does not require actual 
contact with the head. 


4.2.2.3 


lf the demagnetizer should inadvertently be turned off while close 
to the heads, it will probably result in the heads becoming 
strongly magnetized, and the heads must then be properly 
demagnetized as described above. 


4.2.3 LUBRICATION 


4.2.3.1 

All bearings In the machine are permanently lubricated, and do not 
require any periodic lubrication. It Is particularly important that 
all ofl and grease be kept away from the reel motors. Under no 


circumstances should any lubricant of any kind be applied to the 
motor commutator or brushes! The covers should never be removed 
from the motors, which are factory-serviceable only. 


4.3 ALIGNMENT PROCEDURES 
4.3.1 GENERAL 
4.30101 


These alignment procedures are used to adjust the machine 
performance precisely to desired parameters, assuming that no 
malfunctions exist. If the response described for each adjustment 
cannot be obtained, refer to sub-section 4.4, CORRECTIVE 
MAINTENANCE. a 


4.3.1.2 


There are no mechanical adjustments to make on the 821B. The heads, 
Idler and tape guides are permanently positioned by precise 
machining, and cannot be moved. The only alignment adjustments to 
be made are electronic In nature. 


4.3.1.3 


The record/playback alignment procedure, paragraph 4.3.2, should be 
performed in the sequence shown, for two reasons: 


(1) For total system performance to conform to standards, the 
playback performance must first respond properly to the 
standard tape 

(2) Blas level adjustments for minimum distortion will 
affect high frequency equalization 


4.3.2 RECORD/PLAYBACK ALIGNMENT PROCEDURE. 
4.3.2.1 PLAYBACK LEVEL AND HF EQUALIZATION. 
A. Demagnetize heads per paragraph 4.2.2. 


B. Turn power on, and clear all channels by pressing NO REC and 
PLAY assign buttons on sync panel while rotating the channel 
selector through all channels (one full rotation). 


C. Press LOAD, and thread a standard NAB alignment tape for 15 
IPS tape speed. Since It Is generally desirable to store alignment 
tapes "tails out", this would involve loading the tape on the 
takeup reel hub, and threading to the left, then pressing rewind to 
transfer the tape to the supply reel. 


D. Set tape transport speed switches for 15 IPS (SCAN and 30 IPS 
tallies extinguished), and sync switch off (tally extinguished). 
Swing out syne panel to reveal !|ine amps, and swing down the door 
on front of the cabinet to reveal the preamps. 


E. Press PLAY, and locate a 1kHz "0" VU reference on the tape. 


On the Itnme amps adjust the play level. control (see Figure 4-1), on 
each channel. In turn, for "0" reading on the. corresponding VU 


‘@; meter. 


Figs 4~1 & 4-2 to be inserted here 


F. In "play", locate a TOkHz "0" VU reference on the tape. On 
the preamps are two rows of playback equal lzation controls (see 
Figure 4-2), for 15 IPS and 30 IPS respectively. In the upper row 
(corresponding to the 15 IPS tape speed being used), adjust each 
control In turn, for a "0" reading on the corresponding VU meter. 


NOTE: Lf 30 IPS tape speed Is to be utilized, 
then the forgoing procedure (F) should be 
“repeated at 30 IPS, using a 30 IPS standard. 
NAB alignment tape. 


G. Press. FORWARD and wind the al [gnment tape to the end, on the 
takeup reel; press LOAD, and remove the tape and store it. 


4.3.2.2 BLAS AND RECORD LEVEL ADJUSTMENTS 
A. Thread a blank tape on the transport. 


B. Asstgn all. channels to record-ready, by pressing the REC 
button on the sync panel while rotating the channel selector 
C) through all channels (one complete revolution). 


C. Apply a 1kHz sine wave signal at +4 dBm devel to each Input, 
In turn or simultaneously. 


D Set all rec level control's on ‘the line amps. (see Figure 4-1) 
at approxtmately mid-rotation. 


E. Place the machine In record mode (press. REC and PLAY 
simultaneously). 


F. On the preamps. (reference Figure 4-2), for each channel In 
turn, back off the bias level control counterclockwise, then 
.advance It clockwise slowly while watching’ the VU meter for that 
;channel. Continue turning the control clockwise until the VU meter 
_has' reached a maximum reading and dropped back to a 1/4 to 1/2 dB 
. “lower reading. Then readjust the rec !evel control on the line amp 
for .that.channel (Frgure 4-1.) for a "0" reading<on the VU- meter. 

Press STOP:when all channels have been adjusted. 


+ -4..34.2.3° RECORD HF EQUALIZATION. 


A. Apply a 10kHz sine wave stgnal at +4 dBm level to each Enput, 
in turnvor simultaneously. 


©) “ *B. Place machine In record mode at: 15 IPS, and, on the preamp for 
‘each, channel (reference Figure 4~2), adjust the. record equalization 


— 


simultaneously In practice, and assign this number of channels to 
REC with the remaining channels assigned to NO REC. Set for elther 
15 IPS or 30 IPS speed, sync off. Monitor any one of the recording 
channels, making sure the monitored channel is assigned to "play". 


B. With a blank tape threaded and no signal applied, start the 
tape In record mode (press RECORD and PLAY simultaneously). Turn up 
the monitor gain sufficiently to hear the tape noise or to read it 
on ameter, and adjust the noise control on the blas module (Figure 
4-3) for minimum nolse level. Press STOP. 


4.3.4 TAPE SPEED PHASE LOCK ADJUSTMENT. 


This adjustment should be made when the machine has been turned off 
for 1/2 hour or more, as heat resulting from running will affect 
the meter readings. The VSO switch must be [n NORMAL position. 


A. Remove the tpim plate surrounding the left hand switch group. 
Locate the three recessed controls just to the right of the POWER 
switch (see Figure 4-4). 


B. With a tape threaded, put the machine into play at 15 IPS. 
Observe the meter on the VSO unit. Adjust the 15 IPS control slowly 
to a position where the meter Is steady at a reading of about 10% 
of full scale. Repeat at 30 IPS with the 30 IPS control, and again 
at SCAN (60 IPS) with the scan control. 


C. Press STOP. Replace trim plate. 


NOTE: As the tape continues to run at any 
speed, the meter reading will slowly drift 
upward, which Ts normal. The maximum meter 
reading after a long continuous run should 
not be more than about 90% of full scale. A 


slight fluctuation of the meter pointer jis 
normal. The pattern of radial lines on the 
top of the tape Idler should appear 
stationary when viewed under a 60HZ neon (or 
fluorescent) light. 


4.6 THEORY OF OPERATION 
4.6.1 GENERAL 


4.6.1.1 


The theory of operation Is presented primarily as an aid to the 
analysis of any malfunction which might occur. The overall control 


system Is rather complex, and It would be Impossible to list all 
possible faults and thelr symptoms. However, a thorough 
understanding of how the system works will help in pinpointing a 


problem and in establishing its correction. 
This section Is sub-divided Into three parts, covering: 


) the tape motion control system, 

) the multiplex system for presetting the record and monitor 
cond!Itions, and 

(3) the recording and reproducing audio electronics. 


Ct 
(2 


4.6.1.2 


To attempt to trace a signal through the system by means of the 
Individual schematics and wiring diagrams Is complicated and time 
consuming. For this reason, several "system" type schematics have 
been Included in the manual to simplify that process. While these 

fy) system schematics duplicate the Information In the other dlagrams, 
they combine [It In such a way that they are useful also for 
trouble-shooting. However, during actual maintenance or repairs. of 
the equipment, the individual schematics and parts IIsts should 
also be consulted to assure your having completely up-to-date parts 
Information. 


When using the system schematics (particularly the tape control 
system), several things should be kept In mind. First, where diodes 
are shown without type numbers, they are all type 1N100 germanium 
diodes. These diodes are characterized by a lower forward voltage 
drop (approx. 0.3 volts) than for silicon diodes. (Incidentally, 
the maximum temperature that germanium devices can tolerate Is 
substantially lower than for silicon devices, and they must be 
treated accordingly.) The second thing to remember is that the 
undesignated transistors are 2N3702 or 2N3704, depending on whether 
they are PNP or NPN respectively. Third, the TIP 121 and TIP 127 
transistors used In several places are Darlington-connected power 
transistors, with a Beta gain of the order of 1000. Since each one 
Is actually two transistors In series, the forward base-to-emitter 
voltage drop Is about twice that of conventional transistors. 


4.6.2 TAPE MOTION CONTROL SYSTEM 
on The tape motion control system may be visualized in two parts: 


(1) the servo system with its speed control for governing the 
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tape motion at recording and reproducing tape speeds 
of TS IPS, 30 LPS, and 60 NPS, and 

(2) the logic system which Inhibits the speed control and 
substitutes its own signals to the motors for all other 
tape modes. 


With only minor exceptions, these are separate unrelated functions, 
and can be treated separately here. 


An examination of the Tape Control System Schematic, Figure 6-1, 
shows a "phantom" line separating the upper and lower halves of the 
diagram. The circultry below the phantom |ine is essentially logic 
type ("on" or “off") circults, used to determine the mode of tape 
motion, to start, stop and reverse the tape, and to automatically 
control the associated switching In the blas oscillator, preamps, 
line amps and power supply. 


These two main functions are relatively Independent of each other, 


as explained later, and the phantom |Ine will help the reader to 
visualize them separately. 


4.6.2.1 SERVO SYSTEM 


In this description, we shall first examine the servo system, 
Including the all Important phase-lock feature, operating as_ It 
would In "play" mode. Figure 4.6-1 is a block diagram of the entire 


servo system except for the "variable" speed mode. 


Tape speed Is sensed through the Idler located in front of the head 
stack, around which the tape passes. The idler rotates on bearings 
having extremely low friction, and tape slippage on the idler Is so 
low as to be virtually unmeasurable. Attached to the idler and 
rotating with it is a disc having alternate opaque and transparent 
lInes precisely positioned around the disc (as spokes In a wheel). 
As the Idler rotates, these lines "chop" the light traveling from a 


light source to a _ photo-transistor, resulting In a series of 
electrical pulses whose repetition rate (frequency) depends 
directly on tape speed. (Infra-red Iight sources and Infra-red 


sensitive photo-transistors are used to avoid interference from 
outside sources.) There are 480 pulses per second at 15 IPS, or 32 
pulses per inch of tape travel. 


This transducer, together with pulse-shaping circuits, a frequency 
doubler and subsequent frequency dividers, constitute the 
IPS-to-frequency converter in the block diagram. The output 
frequency at correct tape speeds Is always 60 Hz. For comparison 
with the tape speed pulses, there Is a separate oscillator, as 
shown In the block diagram, crystal controlled for an accurate and 
very constant 60 Hz signal. 


The 60 Hz signals from these two sources are then compared In the 
phase comparator, whose D.C. output depends on the phase 
relationship between the two signals. This D.C. voltage Is applied 
to one input of a differential amplifier. 


Simultaneously, the doubled frequency (960, 1920, or 3840 Hz, 
depending on assigned tape speed) is also fed to another converter 
(frequency-to-voltage converter in the block diagram) whose D.C. 
output voltage depends on tape speed. This output Is fed to the 
other Input of the differential amplifier. The D.C. output of the 
differential amplifier depends on the difference between these 
voltages, and Is fed to the servo amplifiers driving the two reel 
motors. 


Observe, In the block diagram, the inverting amplifier ahead of one 
of,the servo amplifiers. This [Is provided so that as the voltage on 
one motor Is tncreased to speed it up, the voltage to the other 
(opposing) motor is reduced, In order to aid the "speed-up" process 
and to keep tape tension down where It belongs. 


This speed control process is described in detail in the following 
paragraphs. An overall control system schematic, Figure 6-1, 
located In Section 6.0: DIAGRAMS, should be referred to while 
following this detailed analysis. 


4.6.2.2 IPS/FREQUENCY CONVERTER 


In the upper left corner of the schematic (box marked "SENSOR AND 
PULSE GENERATOR") are shown the LED Infra-red Iight source D1102 
and D1103 and the associated Infra-red sensitive photo-transistors 
Q1102 and Q1103. As described above, the rotating disc Interrupts 
and restores the light directed at the photo-transistors, which are 
precisely positioned so that they are simultaneously excited. (They 
are also placed across the disc from each other to minimize the 
effect of any eccentricity of the disc.) The "chopped" Iight turns 
the photo-transistors Q1102 and Q1103 on and off, thus 
intermittently grounding the emitter of Q1104. The resulting 
approximately-square wave sIgnal on Q1104's collector is further 
ampliffted and "squared" by Q1105 acting as a switch. 


The third "chopped light" switch (D1101 and Q1101) and associated 
circults are described later In paragraph 4.6.2.9: DIRECTION SENSE 
CIRCUIT. 


The next part of this circuit, comprising 91106, Q1107, and Q1108, 
Is somewhat unconventional. If the dise Is not turning, Q1105 wil! 


be "on" or "off", depending on where the disc stopped. In either 
case, capacitors C1102 and C1103 will be charged to their applied 
voltages, no D.C. current will flow, and Q1106 and Q1108 will be 


off (non-conducting). With no voltage across R1108, 91110 Is also 
off, and the voltage at TP1105 fs zero (ground potential). The 
significance of this is explained later. 


With the disc turning, charging current will be applied to the 
capacitors, In first one direction and then the other. Assume for 
the moment that the disc was stopped in a position to leave Q1105 
cut off. The left side of C1102 will be at -18V., and the right 


side will be at about -3.9V. (The latter is as far negative as it 


could go while C1102 was charging, consisting of the forward diode 
voltage of Q1106 base-to-emitter plus the emitter voltage of 
-3.2V.) Now, when the disc starts turning, Q1105 suddenly turns 
"on", clamping the Junction of R1106 and R1107 at -3.2V. Charging 
current Immediately flows thru R1107, C1102 and C1103. Most (99%) 


of the initial voltage change will take place across C1103 until, 
in a matter of microseconds, the voltage at the right side of C1102 
will arrive at about -1.8V. (-3.2V. + the two .7 volt drops across 


the Q1107 and Q1108 base-to-emitter forward diode voltages). At 
this point, C1103 can charge no further, and only C1102 is now 
charging thru R1107. As the dise continues to turn, the switch 
Q1105 suddenly opens, -18 volts is applied thru  R1106 and R1107, 
and the foregoing process reverses; C1103 re-charges to the -3.9 
volt level where [It Is clamped by Q1106 base-to-emitter again, 
etc. 


During the time that C1103 is charging In either direction (several 
microseconds), Q1106 and Q1108 are biased "off", as described 
earlier for the motionless disc. However, during the rest of the 
time, either Q1106 or Q1108 is conducting, turning Q1110 on thru 
R1109 and clamping TP1105 at -18V. Thus, during the short C1103 
charging time, TP1105 is unclamped and allowed to swing positively 
to 0 volts, thus forming a positive-going pulse from a -18 volt 
base line. 


Since this phenomenon occurs when Q1105 is clamped and again when 
it Is unclamped, the pulse frequency at TP1105 Is twice that of the 
square wave from the light chopper. 


As Q1107 Its turned on and off (at the IIght chopper frequency), the 
resulting square wave voltage across R1110 Is differentiated thru 
C1104 and R1111 and applied to the base of Q1109. The result is a 
series of positive-golng pulses at chopper frequency, applied to 
1C1101. The rest of that circuit will be described as part of the 
logic circuit for stopping tape motion. 


The doubled frequency pulses (TP1105) are applied to 10701 (shown 
In the next box, marked "COUNTER"), which is a frequency divider. 
Only three of the outputs of IC701 are used: divide-by-16, 
divide-by-32, and divide-by-64. In operation, only one or two. of 
these are used at a time; the other two (or one) will be [inhibited 
by the "SCAN" and "30 IPS" switches (shown below the COUNTER box In 
the middle of the schematic), as described below. 


When both "SCAN" and "30 IPS" switches are off, the divide-by-32 
and divide-by-64 outputs are both inhibited by grounding the output 
capacitors C703 and C704, and only the divide by 16 goes through. 
This ts a square wave from IC701 at one-sixteenth the input pulse 
frequency, or 60 Hz for 15 IPS. The positive voltage excursion is 
differentiated thru C705, R708, and R717 (in the PHASE COMPARATOR 
box). The negative excursion Is differentiated thru C705, R708, and 
the base-to-emitter current In Q703, turning Q703 on briefly. Note 
that only the negative-going pulses are effective, the positive 
pulses serving only to bias Q703 farther "off". 


When the "30 IPS" switch Is on, the divide=by=32 output Is enabled 
(no longer grounded), and both divide-by-16, and divide-by-32 goes 
through. When the "30 IPS" switch Is off, and the "SCAN" switch Is 
on, the divide=-by-64 is enabled and the divide-by-16 Is now 
Inhibited. (Note that this last operation fs accomplished by 
applying -24 volts thru R705 to the base of Q712, clamping 
divide=by-16 to ground.) With divide-by-32 inhibited, only 
divide=by-64 goes through. When both "SCAN" and "30 IPS" switches 
are on, only divide-by-16 is Inhibited, and both divide=by=32 and 
divide=by-64 goes through. Table 4.6-1 shows the output 
combInations enabled for the four switch combinations. 


Insert TABLE 4.6-1 (Frequency Divider Inputs) here 


When two counter outputs are enabled at the same time, it does not 
result In confusion at the phase comparator, for the following 
reason. At the moment when the divide=by-32 voltage Is swinging 
elther positive or negative, the divide-by-16 voltage is swinging 
negative. Thus, when the divide-by-32 swings positive, It cancels 
the unwanted negative swing of the divide=by-16 output, and no 
pulse results at the base of Q703. When the divide-by-32 swings 
negative (where we want a pulse), the divide-by-16 also swings 
negative, and actually enhances the negative pulse at the Q703 
base. The same holds true with the divide=by-64 and divide-by-32 
outputs where only the divide-by-64 is desired. 


4.6.2.3 PHASE COMPARATOR 


The block directly below the COUNTER box on the schematic, entitled 


"60 Hz XTAL OSC", Is shown In detail in Its own schematic, Figure 
6-13. It consists of a 3.579 megahertz crystal Identical to those 
commonly used In color television receivers, and an IC which 


provides an oscillator circuit for thh crystal and a frequency 
divider to "count down" from 3.579 MHz to 60 Hz. Later systems use 
a 3.93216 megahertz crystal and a different IC, with the same 
results. The output is essentially a square wave. 


The oscll lator output is fed thru R720 (box marked PHASE 
COMPARATOR) to the base of Q706, turning Q706 on and off at a 60 Hz 
rate. The resulting square wave is differentiated thru C712 and 
R712. The negative pulse thus formed is applied to the base of 
Q702, turning It on for about 350 microseconds, and then turning tt 
off until the next pulse which occurs about 16 milliseconds later. 
When Q702 is "on", C711 is clamped to ground and discharged. During 
the Q702 "off" period, C711 is charging thru R710 to about -8.5 
volts, more or less linearly, at which time the cycle repeats 
itself. The resulting 60 Hz voltage "ramp" is applied to the 0701 
cathode. 


While all this is happening, the pulses from the frequency divider 
(COUNTER) are being applied, also at essentially 60 Hz, to Q703, as 
described above In paragraph 4.6.2.2. Each negative pulse turns 
Q703 on for about 150 microseconds, clamping its collector to 
ground. During this period, Q704 is turned on thru R716, clamping 


one end of R719 to -18 volts. Simultaneously, C709, which has 
accumulated a negative charge during the Q703 "off" period, drives 
R704 In a positive direction sufficiently to draw current thru 
D701. This, of course, limits the positive voltage excursion of the 
R704/D701 junction, and this is the voltage applied thru D702 to 
the base of emitter-follower Q705. (Since the time constant of R704 
and C711 Is many times as great as the duration of the pulse, no 
appreciable change in voltage across C711 takes place.) 


The voltage across C713 is established by the emitter fol lower 
during the pulse "on" time. If the C713 voltage Is more negative 
than that applied by Q705, it ts immediately discharged 
appropriately to a less negative voltage by Q705. On the other 
hand, If the C713 voltage Is too low, Q705 will not even conduct 
until the capacitor has charged thru R719 and Q704 to the point 
where Q705 again conducts and limits any further charge. During the 
"off" period between pulses, both Q704 and Q705 are turned off, and 
the only discharge path for C713 Is thru R2005 and R2004, which is 
negligible. 


It can be seen from the foregoing description that Q703, Q704, and 
Q705 "sample" the Instantaneous voltage across C711 at aé_ time 
determined by the Instantaneous position of the tape, and then 
"hold" that sample until! time to sample It again. This constitutes 
a classical repetitive "sample-and-hold" appl ication. 


If successive pulses from the tape movement are later and later 
relative to the 60 Hz oscillator pulses, the sampled ramp voltages 
will be more and more negative, and It will be seen farther on in 
this description that the result Is to blas the servo amplifiers in 
a direction to speed up the tape. Of course, the opposite is true 
If the tape motion is too fast. 


The voltage divider comprising R2004 (VSO box) and the parallel 
combination of R729 and R730 (DIFFERENTIAL AMPLIFIER box) reduces 
the effect of the phase comparator to a small fraction of that of 
the primary speed control to be described below. In this way, the 
phase-lock control acts as a sort of "vernier" control over the 
basic speed control, as is explained In more detail later. 


4.6.2.4 FREQUENCY-TO-VOLTAGE CONVERTER 


The pulses from the tape speed sensor are also fed to the 
frequency-to-voltage converter (box directly below PHASE COMPARATOR 
on schematic) thru R703 anc C715. (During servo operation, -24 
volts Is applied thru R821 to D703, effectively disconnecting the 
diode.) These positive-going pulses turn on Q708 very briefly (a 
few microseconds), long enough to discharge C719. During the "off" 
pertod between pulses, C719 fs being charged [In a_ positive 
direction (toward ground potential) thru whichever speed pot and 
associated resistor has been selected by the "SCAN" and "30 IPS" 
switches. For example, with the switches "off" as shown on the 
schematic, 15 IPS Is the selected speed, and C719 charges thru R401 
and R404. The voltage to which C719 will charge depends (for a 


given total "speed pot" resistance, R404 plus variable R401) on the 
inter-pulse period, and will therefore decrease as the speed 
increases. Thus, the average voltage across C719 is inversely 
proportional to tape speed (approx.). The output waveform is a 
series of "sawtooth" voltage ramps, and therefore consists of a 
D.C. component and many A.C. harmonics of the pulse frequency. The 
two stage filter (LOW-PASS FILTER box) which follows the converter 
effectively eliminates the A.C. components of the signal, and 
passes only the D.C. voltage level. 


A comprehensive analysis of the operation of this active low-pass 
filter is beyond the scope of this writing, and the interested 
reader Is referred to the many published textbooks on the subject. 
It Is sufficient for our purposes here to consider that the filter 
output Is an essentially pure D.C. output proportional to the 
average of the sawtooth voltage applied at the filter Input. 


4.6.2.5 DIFFERENTIAL AMPLIFIER 


The maln characteristic of a differential amplifier is its response 
to the voltage difference applied to its two Inputs. In the 
application described here (see DIFFERENTIAL AMPLIFIER box), the 
two Inputs come from the low-pass filter and from the phase 
comparator thru the VSO, respectively. The latter voltage, applied 
to Q710, Is determined mainly by the voltage divider R729/R730, and 
Is modulated only slightly by the phase comparator; the basic 
voltage is approximately -13 volts. This holds the emitters of Q710 
and Q711 at about -13.5 volts, so that the base of Q711 must be 
very close to -13 volts In order for Q711 to "capture" its share of 
the current and become an amplifier. Thus, the tape speed must be 
such that the frequency-to-voltage converter and low-pass filter 


produce -13 volts. Too low a voltage will speed up the tape motion 
and, conversely, too high a voltage will reverse the torque and 
slow down the tape motion, as will be seen presently. In practice, 


the speed pot Is adjusted so that, as the tape approaches the 
proper speed, the low-pass filter output will arrive at the proper 
voltage and allow the phase comparator to assume control. 


Referring once more to the phase comparator, in the 1/60 second 
perlod between pulses, the capacitor C711 will charge from 0 volts 
to a little over -8 volts, and this represents the total voltage 
range out of the phase comparator for controlling the tape speed. 
After being applied thru the voltage divider formed by R2004 and 
the paralleled R729 and R730, the maximum voltage change available 
at the base of Q710 is little more than .2 volts, which corresponds 
to a tape speed change of about 14.75 to 15.25 IPS, when set for 15 
IPS. Thus, the phase comparator provides a vernier control of tape 
speed. 


The differential amplifier output is taken from the collector of 
Q711, which is connected to the bases of the servo amplifier 
transistors Q802 and Q807. The current thru the Q711 collector 
will increase if the low-pass filter output voltage goes less 
negative (tape speed decreases), or if the phaae comparator output 


voltage goes more negative (tape phase pulse Is late relative to 
the xtal osc. pulse). 


4.6.2.6 SERVO AMPLIFIERS 


Transistors Q802 and Q302 constitute the "servo" (or driver) 
ampliffer for the take-up reel motor. Similarly, Q808 and Q301 
constitute the supply reel motor servo amplifier, in this case 
preceded by an inverting ampliffer (Q807) designed to provide some 
negative feedback. 


To understand the operation of the servo amplifiers, look first at 
the take-up reel motor amplifier, Q802/Q302. The motor has approx. 
-19 volts applied to one terminal, while the other terminal goes 
thru Q302 and R303 to ground. Q302 acts as an "emitter fol lower", 
so that It applies to the motor winding whatever voltage is on Its 
base. As long as Q802 Is biased "off", R808 holds Q302's base at 
emitter potential, Q302 is "off", and no current flows thru the 
motor. However, as the base of Q802 goes negative by about 1.5 
volts (Q802 is a Darlington-pair, and has a double dlode forward 
voltage drop) and biases Q802 "on", the collector of Q802 swings 
positive (less negative), swinging the base of Q302 positive with 
it. The Q302 emitter "follows" Its base In a positive direction, 
applying a voltage drop across the motor which starts the tape 
moving. The amount of voltage so applied (and therefore torque) Is 
proportional to the Q802 base current, supplied by the differential 
amplifier output. 


Observe R809 connected between the Q802 base and the tape lifter 
solenoid 8303. During servo operation, the tape IIfter Is not 
energized and, since Its coil has only a few ohms resistaace, R809 
is virtually grounded. This being true, the first 3/4 milliampere 
of current from the differential amplifier ts used to produce the 
fraction of a volt across R809 to _ forward-bias Q802, and al! 
further increase In base current Is amplified to produce torque, as 
explained above. 


The operation of the supply motor servo amplifier Is essentially 
the same; however, It Is not driven directly from the differential 
amplifier, but by the inverting amplifier instead. This will be 
explained later. 


With the tape at rest or moving very slowly (such as right after 
PLAY ts started), the filter output voltage Is only slightly 
negative, applying that low voltage to the base of Q711 thru R728. 
This forward-blases Q711 strongly, and effectivey clamps its 
emitter to the base of Q802. The combined forward diode drops 


across D302 and Q802 will permit the base of Q802 to go only about 
3 volts negative, so the rest of the voltage drop (about 15 volts) 
appears across R731 in the differential amplifier. This same -15 


volts is on the emitter of Q710, biasing [t "off", and the phase 
comparator Is momentarily out of the circuit. The Q802 base current 
turns Q802 on, and essentially full voltage is applied to _ the 
take-up motor. 


lf the tape "overshoots" its required speed, the filter output goes 
+o more than the destred -13 volts. With Q710's base held at -13 
volts, the emitters of Q710 and Q711 are held at about -13.5 volts, 
Q711 Ts now biased "off", Q802 loses its source of base current, 
and torque Is applied to the supply motor to slow down the tape, as 
described next. 


It was explained earlier that the exciting current for the takeup 
servo amplifier (at the base of 9802) came from the differentia 
amplifier. The corresponding exciting current for the supply reel 
servo amplifier, applied to the base of Q808, comes thru R818 and 
R819 from Q810 (below the phantom |ine). During play and record 
modes of operation, Q810 Is clamped "on", and its collector is held 
at -24 volts. The resulting current would turn on the supply servo 
amplifter and apply full reverse torque, if It were not inhibited 
by Q807. 


The transistor 9807 constitutes a sort of differential amplifier by 
Itself, the two Inputs being Its base and its emitter, 
respectively. A negative voltage increase on Its base would 
increase Its collector current, while a negative voltage increase 
on {ts emitter would decrease the collector current. As the Q807 
collector current is Increased, Its voltage swings positive (less 
negative), so that less voltage is applied to R818, resulting in 
less base current at 0808 and therefore less reverse torque. 


The differential amplifier output which is connected to the base of 
Q802 Is also connected to the base of Q807. Thus, a negative 
voltage increase resulting in a _ takeup motor speed-up would 
simultaneously result in a decrease In reverse torque at the supply 
reel motor. 


The reel drive motors are brush-and-commutator type motors with 
permanent magnet fields. A_ significant characteristic of such a 
motor is Its action as a generator. When the shaft of a permanent 
magnet motor turns, the motor generates a D.C. voltage proportional 
to Its speed, of the same polarity as the voltage applied to the 
motor to drive It In that direction. (This generated voltage is 
called back emf.) Because of this, the motor draws less current, 
for a given applied voltage, as it picks up speed. Conversely, If 
the motor shaft is forced to turn In the opposite direction, the 
back emt Is of the opposite polarity and the current increases; so 
does the torque. 


As the takeup reel fills up with tape and the radius of the tape 
pack Increases, it takes more motor current to pull the tape 
through. Part of this current increase results from the reduced 
motor speed, and the rest of the Increase requires more takeup 
servo amplifier drive. At the same time, the supply reel Is 
unloading and reducing its tape pack radius, speeding up that motor 
and increasing its back emf. In order to maintain uniform tape 
tension and motion throughout a reel of tape, the relationships 
between servo amplifier gains, thresholds and other characteristics 
are quite complicated, and far beyond the scope of this writing. It 


Is sufficient to say that any Indiscrfminate changing of the values 
or tolerances of resistors or other components of the servo system 
can only result tn degrading Its performance. 


The network conststing of R701, C701, C725, D704 and D705 
constitutes a negative feedback lead=-network to slow down the high 
frequency response of the servo system and stabilize lts 
operation. : 


When the play function Is not In operation, Q810 Is off, and ground 
potential Is appited thru R826, R821 and D703 to the base of Q708 
in the freq.-to-voltage converter, saturating Q708 and holding [ts 


* collector at <-18 ‘volts. This biases off Q711 In the differential 


amp!lifter turning off Q802 and Q807. The base of 9808 Is no longer 
biased on (thru. R818 and: R819), and thus both servo amplifiers are 
turned off. 


4.6.2.7 CONTROL LOGIC SYSTEM 


The portion of the control system described below, the "logic" 
system, Involves on-off function only (in contrast with the 
"analog™ servo system described above), and serves to establish the 
necessary: conditions for each operational mode. Referring again to 
Figure 6-1, the entire tape motion control logic system Is shown 
schematically below the phantom IIne (except for the stop mode tape 
tension circult at the top). 


The varlous «modes are initiated by the six switches shown at the 
left end ‘of the diagram: STOP.. PLAY, REC, LOAD, FWD, and REW. Each 
switch has assoctated with [+t a thyristor and a tally light. The 
thyristor acts electronically as a "latch" to hold the cireult 
engaged once the switch has. been actuated and then released. For 
purposes of this description, the Important characteristics of the 
thyristors used In the system are as: fol lows: 


(1) When the thyristor ts "off", It will remain off as long 
as‘the "gate" electrode Is held at cathode potential. 

(2) WIth voltage applied In the correct polarity across the 
thyristor (anode to cathode), swinging the gate at least 
»8 volts positive with respect to the cathode for a few 
microseconds, will "trigger" the thyristor Into. conduction, 
and [t+ will rematn In this state even though the gate 

P swings back>to cathode, potential. 

(3) Once conduction fs Initiated, It can be interrupted only 
by reducing the current thru the thyrfstor to zero, or at 
‘least below the holding current (usualy a few. milli- 
amperes). This can be done by forcing the voltage across 
the thyristor to zero or less, or by forcing the gate 
negative, 

(4). li conduction, the forward voltage drop across the 

~ thyristor, at the currents encountered In this system, Is 
about 1 volt. 


With these things ‘Ln mind, we can proceed to the switch circuits, 


te 


all of which work essenttally alike. ‘Starting with the "STOP" 
switch, we see that the thyristor Q505 acts as a switch, In series 
withthe lamp 1503 as a load, between +1.2 volts and -24 volts. 
(The reason for the +1.2 volt common, rather than ground, wIil be 
explatned later.) The gate of Q505 Is held at cathode potential 
thru R501, and no current flows. If we now actuate the "STOP" 
switch, the +1.2 volts Is applfed thru R502’; to the gate, turning 
Q505 on. The cathode swings to within about a volt of the anode, 
and the famp has about 24.2 volts across It, drawing 40 
milliamperes. This state Is maIntatned when the switch Is. released. 
Note that the common circult to all the rest of the switches goes 
thru the stop switch normally-closed contacts, so that voltage Is 
removed from the other switches whenever "STOP" [s actuated. This 
provides a double assurance of turning off whichever thyristor was 
previously turned on, as well as preventing any simultaneous 
operations. 


‘Basically, all of the switches turn on thelr thyristors In the same 
manner. There are, however, some Interlock clrceults associated with 
them, which are explained later. 


As noted earlier, once a thyristor Is. turned on, It remains on as 
long as:It Is carrying current, as If It were a dlode. To turn It 
off, we must Interrupt that current, which means reducing to. zero, 
or reversing, the voltage across the thyristor momentarily. With 
one exception ¢explalned later), this [Is done thru the commutating. 
capacitors. C501 thru C504. These are al‘l- connected to one Itne 
(LOAD).,. and a sharp posttive voltage»pulse applied to any one of 
them will be coupled thru all. of them. Thus, whenever any thyristor 
Ts. turned: on (except RECORD), the sudden positive excursion: of Its 
cathode. Is coupled to the other cathodes. ‘If one of the other 
thyristors Is one, the pos!I‘tive D.C. charge on its, capacitor plus 
the posttive pulse will drive’ ‘tts cathode positive with respect to 
Its anode, thus reverse=-blasing [+ and reducing Its current to 
zero, and turning It off; It takes less than a millisecond for this 
to happen. 


The ‘Interlocks mentioned earlier are: provided to prevent: 
simultaneous operation of switching clrcuits, where such operation 
would résult In malfuncttfon. Note than when "FWD" fs pressed, its 
normal l'y closed contacts are open and prevent "REW" from actuating. 
The same thing Is true In reverse. Thus, It Is Impossible to 
actuate "FWD" and "REW" sfmultaneously. Similarly, when "LOAD" is 
-pressed, neither -"FWD" niow "REW will go on. The "STOP" interlock 
was explained above. On the other hand, "LOAD" and "PLAY" can be 
actuated sI.mulaneously, as there {s:no interlock between them, 

A différent type of fntertock fs. used for the "REC" switch. When 
“PLAY™ Ts notvengaged, the.anode of Q504 Is at -24 volts, so that 


* there Is no voltage. across Q504 with which to turn It on. When 


"PLAY" {is engaged, the Q504 anode is at about +.2 volts’ and it is 
ready to. be turned on. If the "PLAY" button is released; pressing 


“athe "REC" button cannot turn Q504 on* since D501 is reverse biased 


and will not supply the necessary gaté current to. Q504. However, If 
"PLAY" [Ts held down, gate current‘Is-supplied thrue R504, and now 


oy 


both Q504 and Q506 are on. Pressing any one of the other. switches 
will, as explained earlier, turn off "PLAY" thru one or two of the 


commutating capacitors, and when "play" is off, "rec" goes off with 
Ts 


When both "play" and "rec" are on, C505 charges thru R507 to the 
voltage across 1502, about 23 volts. If "PLAY" is then pressed, the 
negative end of C505 is swung In a positive direction thru R504, 
putting a positive pulse on the cathode of Q504, reducing the Q504 
current to zero and turning it off. Or, alternatively, pressing 
"REC" puts a strong negative pulse on the 9504 gate, which will 
turn Q504 off as stated earlier. 


Each switch circuit, when It goes on, swings Its associated lamp 
voltage to about +.2 volts, and that same voltage swing is applied 
to the external circuit controlled by that switch. Some of the 
control circuits (load, forward, and rewind) involve Inhibiting of 
transistors by forcing thelr bases to ground potential thru diodes. 
Since the sum of the thyristor and diode forward voltage drop Is 
greater than the forward blas of a transistor, It Is necessary to 
hold the thyristor anodes sufficiently positive to make sure _ the 
transistors will be "off" when Inhibited, hence the +1.2 volt 
common. This voltage Is obtained by connecting the motor power 
supply positive terminal to ground thru the double diode D303. The 
current thru the power supply also passes thru D303, holding Its 
anodes at about +1.2 volts. 


4.6.2.8 PLAY CONTROL CIRCUITS 


On the system schematic (Figure 6-1), refer to the area just below 
the phantom line In the right hand half of the diagram. The play 
control from the switch, labeled "PLAY", goes thru R823 and R824 to 
the base of Q810. Before "play" Is activated, this line fs at -24 
volts, and Q810 is biased off. When "play" Is activated, this |Ine 
applies a forward bias to Q810, turning It on. The collector swings 
to within about .2 volts of -24 volts, with the following results. 


(1) Thru D809, Q803 Is prevented from being turned on by Q801 
(to be explained later). 

(2) The supply servo system has -24 volts applied to it 
thru R819, 

(3) Diode D703 In the freq-to-voltage converter {is reverse 
biased, allowing the converter to work as described 
earlier. 

(4) Forward blas is removed from the base of Q809, turning off 
"PRE" (unless the "PRE" switch Is on or "REC" Is 
activated). 

(5) Thru 0310, -24 volts Is applied to the winding of relay 
K301, enabling it to operate when the record switch is 
turned on (explained in detail later). 


The tape is now moving under control of the servo system described 
earlier. The tape lifter drive transistor is off, and the tape 
lifter solenoid is de-energized. Although there [s now a negative 


voltage on the "MOTION" line (as explained In the first part of 
Paragraph 4.6.2.2), Q801 is Inhibited by D803 and the very low 
resistance of the tape lifter solenoid to ground. Similarly, there 
Is a negative voltage on the "DIR Q" line (explained below), but 
Q805 cannot get any current from Q806 which has no forward bias and 
Is turned off. Thus, none of the servo amplifier inhibitor clircults 
below the phantom line are in effect. 


4.6.2.9 DIRECTION SENSE CIRCUIT 


To understand the derivation of the direction sIgnals (e.g. "DIR 
Q"), It Is necessary to refer to the SENSOR AND PULSE GENERATOR 
block of the diagram. The Integrated circuit 1C1101 is a digital 
dual "D" type flip-flop clrcult, of which only one Is in use here. 
It Is characteristic of this device that when a_ positive-going 
pulse (trigger) Is applied to the "clock" input (pin 11 of the IC), 


the "Q" output (pin 13) will assume the voltage state which was 
present at the "data" Input (pin 9) when the pulse occurred, and 
will hold that state until the next pulse. The voltage state of the 


"O" output (pin 12) Is always opposite that of "Q". 


The voltage on pin 9 Is determined by the current thru Q1111, which 
in turn depends on the amount of Iight striking photo transistor 
Q1101. This last Item, together with Its light source D1101, Is the 
third “chopped tight" switch mentioned in paragraph 4.6.2.2: 
IPS/FREQUENCY CONVERTER. When light to Q1101 is Interrupted, pin 9 
swings negative (from ground potential). When light to 91102 and 
Q1103 Is Interrupted, a pulse is applied to pin 11. Thus, for 
forward tape motion, we want Q1101 to be dark at the moment the 
pulse appears, so that the "Q" output will be negative. (The fact 
that pin 9 swings positive and then negative again between pulses 
does not alter the negative voltage on pin 13, as stated above.) To 
accomplish this, the 0D1101/Q1101 light switch is very accurately 
located so that a line on the chopper disc will encounter it 1/4 
cycle (of chopper frequency) ahead of the other light switches, for 
forward tape motion. This angular displacement amounts to less than 
1/2 degree, with a tolerance In the order of 5/100 degree. This 
placement Is done precisely and permanently In manufacture, and 
should never be tampered with. 


When the disc is turned In the opposite direction (reverse tape 
motion), the pulse occurs when pin 9 is positive, and consequently 
pin 12 is negative. 

4.6.2.10 STOP CONTROL CIRCUIT 


Assuming the machine to be running in "PLAY" mode, let us now push 
the "STOP" button. The cathode of Q505 swings positive and is 


latched at about +.2 volts. The positive voltage on the "PLAY" line 
is abruptly removed, by commutation thru C503 and C504, and by 
interruption of the common return; the "PLAY" |ine swings to -24 


volts. Q810 is turned off, and Its collector swings positive to 
ground potential thru R826. Excitation voltage to the supply servo 


eo) 


amplifier (thru R819) Is removed. Current thru R821 and D703 in the 
Frequency-to-Voltage Converter saturatés Q708, removing excitation 
voltage from the takeup servo amplifier. 


The positive swing of the Q810 collector Is coupled thru C802 and 
"R806 to the base of 0803, pulling Its collector to -24 volts. The 
Inhtbiting diode D803 Is now reverse biased, al lowI!ng Q801 to be 
driven to saturation by’ the negative voltage from the "motfon" 
Lines (The source of thls voltage Is explalned In the first three 
paragraphs of 4.6.2.2). 


The negative voltage now sustained on the coflector of Q803 does 
four more things: 


(1) The tape Itfter solenold Its energized, lifting the tape 
from the heads. 

(2) The -24 volts Is applied thru J301 pin 29 to the power 
supply, Increastng the voltage on the motors to about 
-33 volts. 

(3) Negative voltage Is applied thru R811 to the base of 9806 
saturating It and clamping. the emitters of 9804 and 9805 
virtually to ground. WIth a negative voltage on the 
"DIR QO" Line, Q805 Ts now clamped "on", which holds the 
base of Q802 near .ground “and thus disables. the takeup 

: servo 
amplifler. 

(4) The negative voltage Is applted thru R809 and R810 to the 
two servo°ampiifters. The supply servo ampliffer (Q808) Is 
turned on In full,> while the takeup servo [ts inhibited 
as Just described. 


The high reverse torque on the supply reel rapidly slows down the 
tape motion to a stop, and’ would actually reverse the tape motion, 
except for one thing. As soon as the tape motion stops, ‘the -vol-tage 
on the "MOTION™ line drops to zero (ground potential), removing 
‘excitation to Q801 and de-energizing the tape Lifter cIrcult. This 
‘removes the voltage from+R809 and R810, again disabl-ing both servo 


~ampliffterss; the tape remains stopped. The removal of tape ltfter 


voltage allows the power supply to revert to the Lower voltage of 
about -19 volts. 


When the stop thyristor Q505 tatched, ft applied +.2 volts thru the 
"STOP" fine and R105: to the base of Q104 Gupper right hand corner 
of the -diagram).. As. an emitter. follower, Q104 applies ground , 
potential thru R104 and diodes D304 and D305 to the reel motors. 
sThe resulting low and equal motor currents‘ hold a !tght’ tension on 
the tape In the stopped mode. 


Ln stopping from “'REWIND™ with the tape moving ‘In the opposite 
directton, the action ts Identical Im all respects but one; now It 
Is the "DIR QO" tine that -has a negative voltage on [It imstead., 
clamping. 9804 Instead of Q805, and also it fs the supply servo 
amplifter which ts Inhtbited, and the takeup reel motor produces 
high torque to stop the tape motion. + 8 


4.6.2.11 LOAD CONTROL CIRCUIT 


Pressing the "LOAD" button latches Q502 -on, and commutates all 
other thyristors off. With +.2 volts: now on the "LOAD" {Ine, D8Q2 
Inhibits the tape lIlfter circuit, so. that "MOTION" line voltage 
produced when moving the tape will not initiate the stop sequence 
just described. Turning. off Q505 removes the tape tension produced 
by: 9104, and the tape Is free to be moved by hand. 


If the "PLAY" button Is pushed, the load circuit will be commutated 
off. but If the "LOAD" button ts held depressed while pushing the 
"PLAY" button, both circults wlll be latched on simultaneously. The 
servo system will be turned on up to the servo amplifiers 
. themselves; however, the positive voltage on the "LOAD" [Ine Is 
applled thru D806 and D807 to the two servo ampliffers, holding 
them off. The only: difference observed when moving the tape In 
these two modes ("LOAD™ only or "LOAD/PLAY") Is that, In "LOAD" 
only mode, the preassigned monttor cIrcufts are In effect; with 
"PLAY" also turned on, the preass!gnments are cancelled (unless the 
"PRE" switch Is on). 


With both "LOAD" and "PLAY" thyristors latched, pressing elther 
button wlll not change anything, stnce there Is no commutating 
voltage step avallable to turn anything off. Thus, when in 
"LOAD/PLAY™ mode, It Ts only necessary to press "PLAY" and "RECORD" 
to go Into record mode without starting the tape moving. On the 
other-hand, pressing any other button will commutate both "LOAD" 
and "PLAY" of f. 


4.6.2.12 FORWARD AND -REWIND: CONTROL CIRCUITS 


The "FWD" and “"REW" circults function essentially identically, the 
only difference being whlch servo amplifier Is Inhibited, as 
explained below. Hence, a description of the "FWD" mode leads to: an 
understanding of the "REW" mode... Note that the two cannot be 
engaged -s{multaneously, as the two switches are mutually exclusive 
thru thelr normal ly-closed contacts. 


When "FWD" jis pressed, its thyristor Q503. Is latched and any other 
switch clrevlt ks-commutated off. With +.2 volts now on the "FWD" 
line, three things ‘happen: 


(1) The supply: servo amplifier fs Inhibited thru D808. 

(2) 0806, I's: InhtbIted thru’ D805, disabling the "diIrection" 
cfrcults which. would otherwise try to stop the tape 
motton. 

(3) Q803 I's*turned on thru R807, energizing the tape lifter, 
raising the motor voltage to -33 volts, and turning 
on the ‘takeup servo amp! Iffer’thru R809. Cas: described 
tn 4.6.2.10: for "STOP"). The stopped-tape tenslon is not 
present since "STOP" is off, and the fape ‘moves toward 
the takeup reel at full speed. 


When "REWIND" Is pressed Instead, the only differences are that 


Q806 ts Inhibited by: D801 Instead of D805, Q803 fs: turned on thru. 
R803° Instead of R807, and D804 Inhibits the takeup servo amplifier 
Instead of D808 Inhibiting the supply servo amplifier. 


When "FORWARD" or "REWIND" [s dropped out by pushing "STOP" or 
"PLAY", the tape Ilfter ts held on by the "MOTION" line as long as 
the tape [s stTl1 moving tn the normal stop: mode described above. 
Q806 fs no longer Inhibited, and the tape Is brought to a complete 
stop. If "PLAY" was pressed, Q810 Is InhIbIted thru D811 until the 


.tape stops and the tape II[fter Is released, at which time D811 Is 


"disconnected" and Q810 Is allowed ‘to function as described in 
4.6.2.8 above. 


4.6.2.13 RECORD CONTROL. ‘CIRCUIT 


As was noted earlier, when the "PLAY" cireutt Is. engaged, ~24 volts 
Is. applied thru D310 to one end of the K301 relay col!. Up to now, 
all three. relays have: remained de-energized, as shown In the 
diagram. If "PLAY" Is: heid depressed and "REC" Is pushed, turning 
Q504 on, the other end of the K301 cof! swings positive and the 
relay actuates. The K301 contact 8 opening removes:-24 volts from 
$404, the sync switch, to-prevent energizing of the sync bus during 
record mode. The closure of K301 contacts 9/10, energizes K302. It 
also, thru D307: 


(1) Energtzes the record bus fn. the line amplifiers (to be 
_ described later); : 
(2) Thru D407, turns on 1404, the "SYNC" tally JIght; 
-(3) Thru D306, energizes. the "PRE™ bus- (to. be described 
tater), which was ‘released when "PLAY" went on. 


K302 now actuates,, with the fol.lowhng results: 


(1) K303 ts actuated, which wif hold off the sync bus voltage 
unttl K302 releases; 
(2). Applies, thru D308, a holdtng voltage to the record bus; 
(3) Completes, thru’ K3'01 contacts 6/7, the bias oscil lator 
* turn-on,circult. ’ 


Upon turning off the record mode, either by-releasing "REC" while 


Still ‘lv "PLAY or by pressing another button, K301_ [mmedlately 
. releases, ‘opening ‘the bé-as osctl lator -turn-on cfreult, as well as 


removing voltage from the K302 coll.” The blas. output fs not 
Interrupted abruptly; rather, It “ramps down" -over a perfod of a 
fraction of a second, to avold the clicks and pops on the tape 
commonly encountered. when. blas' Is suddenly Interrupted. 


The release of K302 fs delayed briefly by C303, so. that the record 
bus and sync bus are held In the recording status until the blas 
level has "ramped" down, after which time K302 and K303 release, 
and the ~ record, sync, -and pre buses are restored to the 
non-recording status. 


When the record mode fs turned off by pressing "STOP" or fast 


shuttle in elther direction, the tape Lifter immediately lifts the 
tape, but-does so slowly enough that the Lifting action constitutes 
a form of "ramping" down the blas, even though It happens. before 
the bias oscillator Is completely off. 


4.6.2.14 POWER SUPPLY CONTROL CIRCUITS ° 


Refer to Figure 6-5, Schematic Diagram, Power Supply. The power 
supply contains two separate DC. power sources, each consisting of 
transformer, bridge rectifier and ffiter, and, when the autolocator 
Is suppifed, a separate commercial regulated power supply. Each Is 
Individually fused, ..and all of them are turned on by a single 
switch located -on ‘the tape transport, 


The secondary voltage of T101 fs approxtmately 40 volts RMS 
producing, thru the bridge rectifier D101 and filtered by C101, 
about 60 volts DC. This unregulated voltage Is transmItted to the 
bias osci!Lator module, where [t Is regulated and distributed to 
the varfous parts of the: audio system. This Is further described In 
section 4.6.4. 


The secondary voltage of 71.02 Is approximately 27 volts RMS which, 
after befng rectified by the bridge rectiffer D102 and filtered by 
C102, produces about +38 volts DC. This unregulated voltage 
supplles the 24 volt regulator, and also the reel motor power when 
in fast shuttle and while stopping. From the T102 secondary center 
tap ‘we get hal-f-voltage,. or- about -19 volts DC, filtered by C103, 


+ which supplies reel motor=power In play mode “and when ‘stopped. 


The plug-In regulator card In the power supply. serves to regulate 
the -24 volts used for the logic system, and also contains 
switching. circuits and an overload current [Imiter cIrcult for the 
reel motors,:as described below. 


The -24 volt: regulator consists basically of a voltage reference 
zener diode D206, an amplifier Q202, and transistors Q201 and 91.01 
connected as a Darlington palr to control the output current. With 
the card connector pin 1 (J101) at -38 volts, the collector of Q20T 
Is at -38 volts, which Js also appl! ted thru R201 and R202 to the 
base of Q202. WIth Q201 and Q101 both acting as emitter followers, 
the emitter of Q10% would also-be at -38 volts except for the Q202 
cIrcult. The’emftter ‘of Q202° 1s effectively held at -24 volts by 
D206. The emitter of QTOT Fstconnected thru- pin 10 and R203 to the 
base of Q202 and, as -soon as this. voltage rises to about -24.6 
volts, Q202' draws <base. current. The Q202° coklector now draws 
current thru R201 and-swings positive to about -24.2 volts. This 
reduces the voltage on the base of Q201, and the final voltage on 
pin 10 TFs slightly: over-=25 volts. 


It should be noted (and) * remembered) that the ground symbol <n 


Figure 6-5 represents only a common cireult for that dlagram,.and 


is not actually at .system ground potential. By referring once more 
to Figure 6-1, In:the lower Jeft hand corner, the positive terminal 
of the reel motor power supply Is carried thru J301. pins 25/26 and. 


D303 to. systém ground. Thus, the apparent ground shown In Figure 
6-5 is actually about 1.2 volts positive with respect to system 
ground, since aj! of the’reel motor current returns. to the power 
supply thru D303. (The tally light current from all of the static 
group *switches also goes. thru D303.) 


The case*and chassis of the power supply unit are not grounded, but 
are completely fsolated. 


On pin 3; the voltage applied from the logic system depends on the 
status of the-tape lifter circuit, as explained In 4.6.2.10: STOP 
CONTROL CIRCUIT. Im play mode or with the tape at rest, pin 3 [Is at 
-1.2 volts (relative to power supply common), and with -19 volts on 
the emitter of 9204, It Is bfased off. This leaves Q203. and Q1.02 
also. "off™, ‘and current from the -38 source does not flow to the 
output. Instead; the collector of pass transistor Q103 is supplied 
with -19 volts thru D201. With the base of Q205 heavily 
forward=-bTased thru R206 from the -38 volt source, both Q205 and 
Q103 are saturated, and -19 volts Is now fed, thru D201, Q103, R103 
and Mt01, ‘to the reel motors. 


As more current Is drawn * from the-power supply, thru the total 
resistance of R103, M10T, and the two wires to J301 ptns' 21 and 22, 
the voltage drop across this total resistance Increases, and the 
voltage at J101 ptm-8 becomes more positive relative to the base of 
Q205. As soon as this voltage Is high enough to. exceed the forward 
drop across D202: thru D205, any further voltage Increase (due to 
Increased-output current) will force the base of. 9205 in a positive 
dtrection, reducing the voltage on. the. base of Q103. and therefore 
the output voltage. This constitutes a current limiting functton, 
and 1!mits the output current to about 10 amperes. Note that -the 
resistance of the wires is.part of this critical total: resistance, 


‘and must not be changed. 


Returntng to J101 pin 3, the voltage from the tape [Ifter clreult, 
when stopping or In fast shuttife mode, is -24 volts. This drives 
Q204 tnto saturatton (thru R204 and .R205), clamping Its collector 
to. -19. volts. which. In turn. thru R207 drives Q203 ‘and Q102 into 
saturation. This now connects -38 volts to the Q103 collector, 
disconnecting the collector from -11 volts by ‘reverse biasing D201. 
The current Timittng circult still works as descrfhbed above. 


“With the higher voltage appl ted to the reel motor, and with the 


associated servo> amplifier full on, a considerable amount of 


“current Is: drawn-from the tranmsformer/rectifier/filter ‘combination 
where, due to its Internal Impedance, the source voltage drops to 


about ‘33 volts. 


For the computer power: supply (when used), the reader Is referred 


‘to. the. power supply: manufacturer!s data. 


4.6.3 PREASSIGNMENT CONTROL SYSTEM 


“ 
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) .: The assIgnments of channels to be recorded, and of monitor sources 
to be heard during recording or playback, are normally made In 
advance of the actual recording or playback process; hence, the term 
"preassign" (or preset). Since these four separate preassignments 

can be made not only locally, but also thru a remote control unit, 
individual dtrect control cfrcults would Involve a huge number of 
switches and wires, using up much space and generating a ‘ot of 
potential maintenance problems. This situation Is largely avoided 

; thru the use of a "multiplex"™ system, described In detall below. 


A multiplex system Is one In which several [Independent sources share 
a single circuit or wire, wherein each source Is connected to the 
-cIreult only briefly, followed by the. next source, etc. The, 
resulting voltages at the ‘other end of the circult are then 
"“samp.ted™ In synchronism with the transmitted pulses and 
Individually sustalned between pulses for each stgnal, thus 
producing a continuous signal at the recelving end for each source. 
The system described here Is a composite of Individual 
swltch-selected clrcults combined with a modified multiplex system, 
using logic flIp-flop (bistable latch) cIrcults as sustaining 
memorfes which not only establish the operating conditions, but also 

feed back the tally data. 


For this portion of the cIrcult description, the reader Is referred 
~ to Flgure 6-2, Schematic Diagram, Multiplex System. Here, except for 


‘C the actual audio switching clrcults, the comphete multiplex system 


_ls shown thru one typical audfo channel. The dlagram Is dtvided into 
- four major portfions: 


(1) the multiplexer card, 

5 (2) the assignment switches, 

‘ (3) one -channel of a IIne amp module, and 
(4) part of the LED tally’ card. 


The basic multiplex timing pulses are generated on the multIplexer 
card. 


as 4.6.3.1 POWER DISTRIBUTION AND VOLTAGE REGULATOR. 


. In the upper left corner of the dtagram, “In the Multiplexer Card 
box, Ls shown the power distribution system and a switching type 
we voltage regulator. Power from the -24 volt source Is filtered thru 
A R1801/R1802 and C1801, and supplied to IC1801 “and 101802, described 
. * Later. An addittonal filter R1803/R1804 with C1802 supplies power to 
the rematnder of the system, Including the voltage regulator. The 
Important functions of these filters are to prevent the current 
ia? pulses: generated In the multipiex card from feeding . back into the 
-24 .volt source, and to present low Impedance power sources for the 

pulse generating circuits +themse!ves. 


Z@ At start-up, the. regulator has no pulsed excitation applied, and 


draws neglible current. However, the oscI!lator (1C1801) Immediately 
starts, and thru_pin 7 feeds 25 kHz square wave pulses. thru C1808 to 
the base of Q1807. The resulting positive-golng voltage pulses on 
the collector of Q1807, thru R1811, biases. the pass transistors 
Q1801 thru 91804 "on" Tn pulses. These:current pulses are [In turn 
fed thru £1801 to C1804, C1805, and the LED card. During the pertods 
between pulses, when the pass transistors are “off", the current 
from the collapsing fleld of L1801 Is carrfed thru D1802, so that 
the current thru L1801 ts sustained. 


As soon as sufflctent voltage has built up on C1805 to exceed the 
zener voltage of D1801 and the forward base=to-emitter drop of 
Q1806, - that tranststor's collector starts to draw current thru 
C1808, discharging It rapIdly and effectively shortening the pulses 
applfed to the pass transistors. Thls reduces the average power 
applied to L1801, and holds Its output voltage at the appropriate 
value. 


Since. the pass transistors. are efther "on" or "“off" during the 
switching cycle; and spend almost no time Im the trans! tion state 
where there !s current and voltage drop simultaneously, they 
dissipate very little power. themselves, which [Ts why switching 
regulators are so efficient. 


If excessIve-current should be drawn thru the regulator, such as at 
start-up or from a-short cI'rcult or overload, the additional voltage 
drop across R1801 thru ’R1804 wIil blas Q1805 on, applying bias to 
Q1806 and, reducing pass -transistor excitation as described above. 


~4.6.3,2 BASIC TIMING PULSES 


The osclllator/counter, 101801, does two Jobs: 


(1) if supplies the 25 kHz pulses to the switching 
regulator described. above, and 
(2) tt suppiles binary=coded pulses to 101802. 


The frequency [s determined by the R1812/R1813/C1809 network, and 
all outputs are square wave pulses at their respective frequencies. 
The voltage swing. of each output Is between ground potential (logic 
71), and about ~10 volts (fogic "0"), 


Although “C1801 actually contains: a 14-stage counter (divide-by~2, 
divide-by=4, divide-by=-8, ,etc.), only three of the outputs are used: 


divide-by-16 at pin 7 drives the voltage regulator, whtle 
dIvide-by-4096 and divide-by~8192 at pins 1 and 2 are used to drive 
101802. The osctifator portion of 1C1801 Is running at approximately 
400 kHz which, when divided-by-16, becomes 25 kHz (pin 7). The 
frequency, at pin 2, 400 kHz divided-by-8192, estabjIshes the 
multiplex full-cyéle frequency of 48.8 Hz. Actual frequencies are 


wot exactly as stated duesto:component value tolerances, but neither 


do they nmaed to be*texact. 


O 
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101802 ts a dual "binary to one of four" decoder. Each decoder has 
four outputs, one of which swings negative: at a time; which one 
swings negative depends on what binary code [fs appli ted to Its two 


Inputs. In our application here, we use both decoders sIlmultaneously 


by feeding thelr Inputs In parallel, In order to drive separate 
clreults synchronously. 


Figure 4.6=2, Multiplex Timing Diagram, shows the time relationships 
between the varlous multiplex signals. Note that one complete cycle 
(20.4 mil I'lseconds) Is. dtvlded into four equal time periods of 5.1mS 
each, desI'gnated as phases: 60, D1, 92, and 93. 


While ustng this dlagram, bear In mind that the uppermost excursion 
(logtc 1) of each line ts zero volts (ground potential), and the 
lower -excurston (logic 0) Is as shown on the dhagram. 


When both pins 1 and 2 of 101801 are at logic 0, pin 4 of 101802 ts 
at logic 0 and the other 3 outputs are at 0 volts, as shown for: go, 


When 101801 pin 1 swings positive, 101802 pin 4 swings positive and. 


pin 5 swings negative for @2, etc. I+ can be seen from the diagram 
that only one of the four 101802 outputs (pins 4 thru 7) Is negatIve 
at any time. 


‘Referring again to Figure 6-2, observe that 1C1802 outputs 91 thru 
#3 are ted to three switch Ing circuits respectively. Each circult 
consists bastcally of two switches, one of which clamps Its output 
(collector) to 0 volts Ce.gs, 91808 during 81), while the other 
(91809) clamps Its output to -24 volts. This state prevalls only 
during that phase time period. During the other three time pertods, 
both switches are unclamped and thelr collectors are free to swing 
to any voltage without drawing current; tn other words, they are 
disconnected. These conditions are [tndlcated In Figure 4.6-2, for 
the P1406 pins, by heavy lines representing clamped states, and 
LYghter Itnes to represent the disconnected states. (The 90: output 
‘clrcult Involving only the diode D1803 will be exptalned later.) 


4.6.3.3 FLEUP-FLOP CIRCULT. 
An. essential part of the multiplex system Is the “bistable latch, 


commonly’ called a "flip-flop" cincult. I+ performs essentially as a 
switch with a memory, ‘and can be actuated to one or the other of two 


states. With Its power:terminals connected to ground and -24 volts 


Cas It ts--[n the applicatton descrtbed here), Its output terminal 
will be at etther ground potential or «24 volt+s,, depending on whitch 
state Tt was "set" at thru tts Input terminal. It will remain fn 
that state with the Input ‘disconnected, untI! an appropriate [input 
Ls applied to. change (or "reset™) that state. There are three 
i tn-each |Ine amp circult,(four such circults per | Ine amp 
module): . 


(1) one to control the recording.status (FF1), 
¢2) one to select "playback" or "source" CFF2), 
(3) and*one for “mute™ (FF3). 
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These are speclal devices of proprietary design, with ‘the three 
latches permanently encapsulated in a sIngle non-repalrable- plug-in 
"triple latch" component, designated as IC1901. 


This. flip-flop Is designed with an unusual feature, as follows. It 
has only one Input (to set and reset the flip-flop), and only one 
output. The [Input acts [ike a second output of the same polarity, 
but with a substantial Internal Impedance. If the Input is. “forced" 
from one. state to the other state (against that Internal Impedance), 
the flip-flop will then actuate Itself to that other state ‘(e.g., 
from 0 volts to -24 volts), and willl remain In that state until the 
Input Ts forced back to the first state (I.e., back to 0 volts). The 
actual voltage appearing on the Input terminal (open circult 
voltage) Is essentially zero volts when the output [s at 0 volts 
(logle 1), but bs approxtmatel-y -15 volts when the output ts at -24 
volts (logic 0). The purpose of this "Input-follow-output" feature 
will be explained later In 4.6.3.5: TALLY CIRCUIT. 


4623.4 ASSIGNMENT SWITCHING. 


Referring agaln to Figure 6-2, In the ITne amp bkock, -observe a 
number of 2N5950 fteld effect transistors (FETs). These are N 
channel J FETs, and are used as "colncidence" switches, for the 
purpose: of setting or resetting thelr associated flip-flops. 


If you apply a ‘voltage momentarlly ‘to several switch Inputs In 


“parallel, but-turn. on-onl'y one switch, during that moment, there wIIl 


be onty the* -one output..Thus, the switch turn-om "colncides" with 
the deslred Tnput voltage. By properly. timing the Individual switch 
turn-ons to: "colnmerde" with the -.approprlate momentary Input 
voltages, you have "multIplexed" the several Input voltages over a 
single-input clrecult. 


The FET:switches In this system are used fn groups of three to 
control the- record, play,/source, and mute functions respectively. 
The Input to-the FET switch Is Its "source" terminal, ‘the output Is 
the "drain" terminal, and the "switch" Its turned on. by. remov-Ing: the 
negative: blas from Its "gate". The switch Is "off" when the gate Is 
more than about 4-volts negative relative to sotrce and drain of the 
FET, and ts "on" when the gate Is at source or dratn voltage. The 
gate never~ swings substantially positive relative to either source 
or drain, as: [t then becomes a forward=blased dlode; any excess 


positive. voltage-swing appears across the serfes 1: megohm resIs-tor. 


~ Current whl k-flow fn ether direction thru the FET whfle “on";. In 


other words the functfons + of “source” and "drain" are 
Interchangeable, depending on which one Is more positive than the 
other.~In both cases, the FET resembles a resistor of about-200 ohms 
when "on"-(gate at 0 volts), even when-the gate draws no current. 


Each of: the colnctdence switches. Is turned on only for the duration 
of Its phase-(5.1mS), by a positive swing of Its gate. During , The 


. 


O 


'"* charged by these pulses‘ to a voltage negative enough-to force FFI to 


+ 


other three phases, It Is tured off, and any signal applled to Its 
“source at any time during those three phases produces no effect. 
However, whatever ‘voltage. ts ‘applied to Its source during its "on" 
phase wfll be transmitted to [ts drain while the switch [fs turned 
on. Q1918 ts turned on during 81, Q19T1 Ts turned on during 62, and 
Q1910 Is. turned on during #33 none of them are om during 90. 


Note that the sources on all three switch FETs are connected 
together. If a logic 1 voltage (0 volts) Is applied to the sources 
only during 91, then only 91909 wiTl conduct It (to FFI In 101901) 
s!nce the: other two FETs are "off", and, after a few of these 5.1mS 
current pulses, C1912 wItl be discharged toward 0 volts sufficiently 


; “(approximately -8-volts) to actuate FFI to the logic 0.state. The 


converse will be true-Tf the appitedsvoltage during 81 Is logic 0. 


As an example, let's’ trace the action In detall while setting 


channnel 1 to record, assuming that channel to be In the "no record" 
state to begin with. Figure 4.6=3, Filp-Flop: Set/Reset Circult, Is a 
stmpllfled schematic of the record assignment circult, which should 
make It easler to trace this action. First, we see that during Bi, a 
logic 1 voltage on J1406 pIn ‘2 Is applied thru R1i918=1 to’ Q1909-1 +o 
turn {t on. SImultaneoushy, we hold the RECORD switch ($1601). 
actuated, and this applies a 91 logic 0 voltage from J1406 pin 11 
thru $1601, S1t606 (which I's turned to position 1), and pin 8A of the 
lIne amp connector to the FET Input (source). Since Q1909-1 Is 


turned on, C19.12-1 Is now belng charged negatively. At the end of_. 


the 91 perlod, the negative voltage Is removed from the FET switch 
Input (source). This situathon Is repeated «during each 1 perfod as 
- tong as the RECORD, switch Is held’ actuated, and ‘C1'912-1 Is quickly 


the logic 0 state required to turn on the "record" function. 


\'t the RECORD switch Its released: and the NO REC switch Is then 
pushed, a logle 1 voltage’ thru D1804 (tn the multiplexer card), 
J1406 pin 12, $1602, $1606, etc., fs applied thru Q1909-1 to 
dtscharge C1912-1 Impulses toward 0 volts as: described earlier, and 
FF1 Ts soon reset to logic 0. 


At this potnt It should be noted that neither the sources nor the 
dralns -of the FET switches ever reach -24 volts. At all times other 
than during actual switching, the drain Ts held at elther 0 volts or 
about -t5 volts by the assocjated flltp-flop. The source Is elther 


(th. held at O volts thru R1924, 


4, (2) forced'to 0 volts Via the assignment switches, 


“(3) clamped to ‘the flip-flop "tn" terminal ‘voltage dur ing 
* *" FET turn-on, or 
(4) forced to about -19 (7?) volts during the process of 
forcing the associated flip-flop to logic 0. 


th explanation of this last phenomenon, It should be noted that -24 
volts fs applled thru R1816 (3.3K resistor ‘In ‘the ‘multiplexer card) 
to the flip-flop: Input terminal with Its: Internal: resistance and -15 
volts. The difference voltage (9 volts) fs divided between the two 


* 


resistances; hence ‘the -19 (?) volt limit. 


The net result:of the foregoing Is that, while the gate Is at -24 
volts, It Is suftffclently negative with respect to both. source and 
draIn to sustain "pinch of f", and the switch Is truly "off". 


The 81 voltage, elther logitc 0 or logic 1, Is of course applied not 
only to the Q1909-T Input (source), but to the [nputs of Q1910-1 and 
Q1i911-1 as well. However, the latter FET switches are turned off 
during this period, and therefore they are not affected. 


How the output of FF1 turns the "record" function on or off and 


simultaneously turns the "sync" function off or on Is explatned 


later, Im 4.6.4: RECORD/REPRODUCE ELECTRONICS. 


The. "source" and: "mute" switching are doné In a fashion similar to 
the foregoing during @2 and 63 respectively, with an additional 
Interlocking feature. It Is necessary that FF2 and FF3 (Figure 6=2) 
are never turned on (Cat logic 0) stImultaneously. Thus, If the 
channel. [s In "mute" mode (FF3 at logic 0), and It Is desired to 
switch from "play. +o source" mode, pressing the SOURCE button 
($1603) will, during 92, switch FF2 to logic 0. However, during 93, 
the SOURCE switch will pick up a ‘logic 1 voltage thru D1808 
(multiplexer cand) which will-reset FF3 to logic 1 automatically. 
The opposite acflon takes. place If the MUTE button I's now pressed 
Instead,, returning-FF2 to. logic 1 during, 02 and setting FF3 to logic 


0 during 83; 


To go to“"play™ mode,. It Is necessary to turn off (set to Logic 1) 


‘both FF2 and FF3. By pressing’ the PLAY button ($1604), a logic 1 Ts 


pfcked up thru D1805-durtng 02, thus resetting FF2 to logic Tt, anda 
logic 1 4s picked up thru D1806 during #3, resetting FF3 to logic’ 
1. 


How these voltages controk ‘the assoclated audio circuits Is 
explalned~later In 4.6.4: RECORD/REPRODUCE ELECTRONICS, 


a 


4.6.3.5 TALLY CIRCUIT. 


“Pn the lower right hand corner of Figure 6-2. are shown some of the 


LED tally IIghts for the multiplex system. For any given channel 
(e.g, channel 1) there: are four LEDs In a vertical row, wlth thelr 
cathodes tied together, and driven -negative by the assoclated 
transistor (Q1601) when Its base Is driven negative. The anodes of 
the four LEDs are clamped to ground potential In sequence, one at a 
time, during 60, @1, 92 and 93,-(thru transistors 01814, Q1815/1816, 
Q1817 and 91818 respectively (see 4.6.3.2). Thus, if Q1601 Is turned 
on (base driven negative thru R1601) during 61, only LED 11602 wil! 
have an anode’return circult to ground during this pertod. The LED 
will glow only durjng 91, and will be dark the rest of the time. 
However, these Ifght pulses occur rapidly enough (48.8 pulses per 
second) so that the flicker Is not observable. 


The top LED,” 11601, Indicates when the channel selector switch $1606 
is turned to that channel. Only one "channel" LED will be IIlghted at 
a time (unless the Remote Electronics option Is Installed), since 
$1606 connects to only one channel at a time. With the channel 
selector set -for channel 1, the LED driver (Q1601) willl be turned on 
during GO by.a negative voltage thru D1803 (multiplexer card), J1406 
pin 10, $1606 and R1601. Since 11601 Is the only LED with a complete 


~ ¢treult: to ground during $0, tt ts the only one that wiil glow as a 


result -of the 90 signal. 


The “driver stgnals for the other three phases can come from efther 
of two places for each phase: - 


(1. the channel selector switch when. the approprfate 
assi.gnment switch ITs held depressed, or 
(2) -from the voltage fed back from the approprlate 
1 flip-flop Input terminal thru the FET switch. 


Lf the sIgnal. Is zero volts (e.g., NO REC, PLAY, or flip-flop at 
logic 1), the LED Is not driven "on", Lf the signal Is a negative 


“ voltage (e.g., ‘RECORD, SOURCE, MUTE, or flip-flop at logic 0), the 


driver [s "on" during the: corresponding phase, and the LED Is 
lighted. 


For example, assuming. the channel selector fis turned to channel Tt, 
pressing, RECORD puts a negative voltage on the LED driver during pl. 
Simultaneously: Gdurtng 91), Q1815 and Q1816 are clamped to ground, 
and, LED? £1602 %s-on. If the RECORD button-Ts released, there will 
still be a-negative.voltage applied to the driver durfng Pl, coming 
from the Input terminal of FF1 which was just set to logic 0, thru 
Q1909-1 which 1s always. turned on. during Pi. 


If the channel selector “Is now tufned to some other channel, the 
‘channel + LED driver wlll still recelve -the signal from FF1 during 
Q1, since that Is a direct clrcult. The channel selector affects 
only the assignment switches. 


4.6.4 RECORD/REPRODUCE ELECTRONICS. 


This section’ encompasses the entire audlo system, from Input to tape 
and from tape to output, Including the record and sync relays and 
all solid. state. audio switches. Figure 6-3, Schematic, Record and 
Play System, Is provided to enabl'e the reader to visual ze and study 
the complete audio’ system. 


Atl of ‘the ampliffers used In the system (Al001, A1002 and A1901) 
are of proprietary desIgn. Each is permanently encapsulated [nan 
Individual hon=repalrable phug-In component. They are identified on 
the schematics and parts lists by the unIt serles symbols, and the 
Stephens type numbers. 


‘There are no audlo.transformers In elther the recording clrcult or 


the play (monitor) circult, and both are single-ended elreults 
(1.e., ground return), a fact which. should be kept In mind If hum or 
other outside Interference problems should arise. 


4.6.4.1 RECORD CIRCUIT. 


in the record channel, the Input sfgnal enters the system thru the 
Itne amp module, thru the REC LEVEL sertes pot (R1904), thru R1i907, 
and thence to the preamp. The REC LEVEL pot R1904 with the shunt 
network C1905 and R1906 constitutes an adjustable voltage divider 
attenuator, Ifnear over most of the .audfo frequency band while 
providing the necessary bass boost in. the vicInity of 30° Hz. 


‘in the preamp*module; the signal ts fed thru C1003 to the: Inverttng 


input (pins 3 and 8) of «the recording ampliffer A1002. This Is 
essentially a current summing polnt,: over much of the audlo 
frequency range, and therefore onity, neglifgble voltage appears at 
that potnts the. ampltftter Is actually a current-to-voltage 
amplI'ffer. R1907 In the IIne-amp module [s In effect the summing 
resistor, and most of the audio Input voltage appears across [t. 


The amp!tfter output (pins 6° and 7) Is fed thru the series network 
of C1001, T1001 (blas coupling transformer), the record head winding 
(assuming the relay, K1001 ‘to, be actuated), and back thru the 
feedback network of R005, ‘R1006, R1007, C1005 and C1013. The 


: recording high frequency equal‘[zation: Is adfustable thru R1005, 


The 204 kHz bilas signal «1s. fed to altl"of the preamp modules [n 


«parallel, and appliled “to the I[ndlvldual channel's ‘thru thelr 


Individual record relays. Ih each.-case, the blas*current its appl fed 
to the primary winding of a powder-core transformer whose secondary 
winding Inserts the fas -current fn serfes with the amp! ifler 
output. The bfas level Is adJustabile only by R100Z2, the BLAS LEVEL 
pot. The full ‘bhas vol*tageTs. simultaneously fed to the erase head 
for that channel. 


The bias transfonmer. secondary’ »has: a very low Inductance, and 
presents a low, Impedance. to.all audfo.currents fed thru {+ to the 


record head. The capacitor C1002 and transformer secondary are 
resonant at the blas frequency; hence thelr values. are somewhat 
critical. 


When K1001 Is not actuated (channel [s not In record mode), the 
record head ts dIsconnected from the amplifter, and Is Instead 
spouted to the sync relay In readiness for use as, the playback head 
In sync mode. The resistor R1003 Is substituted for the head as a 
load for the recording amplifier. Also, the erase head and blas 
transformer are grounded, to eliminate blas voltage which would 
otherwise leak thru due to capacitance between relay contacts. 


4.6.4.2 PLAY CIRCUIT. 


In the preamp module, the high galn preamp! [flier A1001 can recelve 
Its Input from elther the playback head or the record head, 
depending on the positton of the sync relay K1002, Of course, If the 
channel Is In record mode, the record head Is disconnected from the 
sync relay, and therefore the syne relay must be de-energized to use 
the playback head. This Is: done automatically as explatned later. 


The output of the preamplifier ts fed back thru a hIgh frequency 
equalizing network, and thru whichever head ts belng used for 
playback, to the Inverting amplifter Input. This Is a current 
summing point, with negligible voltage appearing there. The 
amplifier Itself has a certaln amount of flat negative feedback 
internatly, to..stabllize the - amplifter at an approprfate maximum. 
gatn. The frequency-dependent negatl ve feedback voltage Is appl.fed 
to. the tow side of the playback head winding, across. the load 
resistor R1004, 


The HF eq network Is divided Into two circuits, only one of which Is 
used at a time, depending on whether the tape speed Is set for 15 
+PS or 30 LPS. The switching from one network to the other Is done 
‘with dhodes,’ as explained below. 


The D.C. output of ‘the preamplifier Is approximately -12 volts, with 
the audto swinging slightly positive and negative from that vatue. 
Referrtng now to Figure 6~1, In the center of the schematic, It can 
be seen: that, when the 30 IPS switch Is released. (as shown) for 15 
ips operation, the "30 IPS" bus fs grounded thru the tally Light 
bulb €1402). and R409/4R410 and also directly thru R407/R408. When the 
30° IPS switch Is activated for 30 tps operation, the "30 IPS" ‘bus, 
has. -24 volts. applled (thru R409/R410). Returning ‘to Figure 6-3', we 
see that whth the 30 PS. bus at 0 volts and the amplifier output at 
-12 volts, current flows thru D1007, D1002 and Di003 In sertes with 
R1011. .ThIs. makes the diodes essentially resemble short -circults,. 
with most of the voltage appearing across R1011. The slight ‘current 
fluctuations ‘due to the audto signal have negligible effect. Thus, 
“C10T1 and Rt009° are effectively connected to ‘the amplifier output 
and become part of “the negative feedback circult. The other two 
diodes are“ reverse=blased and therefore non=conducting,. thus 
disconnecting R1010' from the circuit. 


When the 30 IPS bus Is at -24 volts, the dlodes D1004 and D1005 are 
{¥ . conducting, connecting RI01O into the ctrcuit. The other three 
~* dfodes are now reverse-blased, disconnecting both R1009 and C1011 
from the ampliffer output.  . 
From the preamp! I'ffrer output the signal ts routed to the Iine amp 
«module, thru C1901 and the playback level control R1901, then thru 
the FET switch 01903 and C1907 to the Inverting Input (pins 3 and 8) 
of the Itne ampliffer A1901.. As with the preamp(ifier, this Is a 

. current summing polnt exhibiting virtual ly zero. audio voltage. 


The playback LF eq network consisting of R1923 and. elther R1903 or 

' R1902 Is shunted between the summing point and ground (assuming 

Q1903 ts turned: "on" for playback mode).e For tape speed set for 15 

ve !PS, R1903 Ts. switched Into the clIrcult; for 30 IPS, R1902 Is 

_ connected Instead. The switching ts done with FET switches, 

_ ‘controlled by the "30. [PS" bus (same one which controls the preamp 

“eq. When the bus Is at 0 volts, as for 15 IPS tape speed, the FET 

Q1902 Is biased’ on, In exactly the same way as explained for the 

.  2N5950 [In 4.6.3.4: ASSLGNMENT SWITCHING; Q1902 Is the same type of 

’ FET. The other FET ‘switch, Q1901 (3N160), Is a P-channel enhancement 

type MOS FET, which requfres a substanttat negative gate-to-source 

¥ voltage to turn It on. This Is supptied by the "30 IPS" bus when 

tape speed Is set for 30 IPS, and the same -24 volts turns of f -Q1902 

as explatned earlier.:.Thus, R1902 ts substituted -for R1903, making 
_the two adjustments Independent of each other. r 


y 


O “As memtloned earil.ler, there: Is a FET switch,, .Q1903, between the 
“, ~*.splayback preamplifier and* the Line ampi Ufler Input. This works [n 
‘conjunction with another FET switch, Q1904, to substitute a 
4° different Input for «the fine amplifier, a signal derived from the 
: pecording Input (or “source") sTgnal. - This latter ‘sItgnal comes. 
_  dtrectly from the recording [nput, I's then attenuated by RT908: and 
‘. R1909,. and applied to -Q1904. These FETs are Identical ‘to’ the two 
> just described above, and function In the same way, except that they 
* are connected In sertes with thelr respective chreults rather than 
+o ground. With 0 volts appl'ted to thelr gates, the playback cireult 
Is on, and the “source” fs. offs a negative gate voltage reverses 

these roles. The derfvation' of these voltages [s described. later. 


« The f4ne ampliffer output fs connected permanently to the channel VU 
meter, which ‘therefore always .peads the ‘level. of- one of three 
“ \ stgnals: . 


(1) the playback, head, 
(2) the record head used In "sync" as. a play head, or 
(3) the recording Input*to the channel. 


_ The-amplifter output-also goes thru a FET switch (¢Q1905) to the 
‘channe] output circult, to feed the appropriate.monitor. When this 
‘ switch ts "off", the channel 1s "muted™, 


oA 


C) -s The control voltage: to transfer from "playback" to. "source", and. to 


Yee 
t 


actuate the “mute™ function (turn off Q1905)., comes from the 
"preset" .bus. As menttoned In section. 4.6.2.8: PLAY CONTROL 
CIRCUITS, the "pre" bus fs always energized (with -24 volts), except 
when In "play mode, and Ts energized even In that mode when the PRE 
switch Is on. Thus, R192T and R1922 (lower right hand corner of. 
Figure 6-3). have -24 volts applied normally. This would transfer the 
line amplifier Input to "source" and also mute [Its output, except 
for the ‘fact that the logic 1 (zero volts) output of FF2 or FF3 or 
both, thru D1904 and D1903 respectively, Inhtbitts one or both of 
switches. If both fllp-flops are at logic 1, as for assignment to 
"ynlay"™ mode (explatned In 4.6.3.4: ASSIGNMENT SWITCHING), the entire 
-24 volt .drop appears across R1921 and R1922. The FET switch gates 
remain at 0 volts. 01903. Is on. Q1906 has no bias voltage applted, 
so Its collector is free +o "float", and therefore 91905 Js held at 
0 blas by R1913 and Ts therefore ton" (Ao "mute"). 


lf SOURCE Is assIigned, FF2 goes to. logic 0 (-24 volts), 01904 Is 
reverse-blased, and the =24 volts from the "preset" bus Is allowed 
+o go thru R1922 to the gates of Q1903 and 91904, transferring the 
tine amplifler Input to. "source". 


If ‘MUTE ts now assigned, FF3 goes to logle QO and FF2 Is 
automatically reset to logic 1, as explalned In 4.6.3.4 for "source" 
and mute" switching. D1904. now Inhibits the tsource"™ switching, 
returning. the Iine amplIffer tnput to source. At the same time, 
R1921 Is no Longer Inhibited by 01903, and ~24 volts Is applted thru 
R192 to the emitter of Q1906. The resulting. forward bias on that 
trans {stor clamps Its cotlector to-its emitter, applying a 
suffletenty negative voltage to the gate of 91905 to turn It off, 
thus "muting" the Ine: amp output. 


The. capacitor C1911 between the drain and gate of Q1905 Is there to 
prevent the audfo voltage swings of the FET from switching It on and 
off. 


4.6.4.3 RECORD/SYNC RELAY CONTROL. 


In Elgure*6-3, the record and sync relays are shown without thelr 
assoclated -contro! clreuitry. To understand thelr operation, refer 
to Figure 6-1, Schematic, Tape Control System. At the bottom In the 
right hand half of the diagram are shown portions of the preamp and 
[Tne amp modules. ‘contalning the control clreuttry as part of the 
overall! control «system. 


As éxplalned [n earller parts of this manual, the sync function fs. 
engaged. automattcally, when in "record" mode, for those channels not 
belng recorded; those. channels which are actually record!ng must not 
use the syne functlon, .for reasons stated:earlier. While operating 
In any other mode; sync Is utilized at the operator's option thru 


~~ #he use of: fhe SYNC switch, $404, 


Starting this» description with the latter situation, we observe that 
-24 volts Isvapphled thru K304 and K3.03 normally closed contacts To 


the SYNC switch, S404. With the switch open, the voltage stops here, 
held at ground potential thru R413,-D402 and the filament of 1404. 
Closing the switch applies the -24 volts to the "sync" bus, thru 
D1902 In the Itne amp module to K1002 In the preamp module. FF? in 
the Ilfne amp module (101901) has ho effect, due to the high 
resistance of RI917 and tack of voltage at the emitter of 919.07. 
Also, Q1908 Is Ineffectual for +he same reasons. Thus, all of the 
sync relays and none of the record refays are actuated. 


WIth the system operating in "record" mode, the actuation of 301 
removes -24 volts from the SYNC switch, defeating tts ability to 
directly energize the sync relays, which are also disconnected from 
each other by. all of the D1902 diodes. K301 and K302 also apply -24 
volts thru D307 and D308 to the "rec" bus, and ‘thru D1901 (In the 
kine amp module), to the emitters. of 01907 and Q1908. Now, FFi has 
control, as<fol lows. 


With FFi at logte 1 (0 volts, "no rec"), Q1907 ts clamped-"on" so 
that Its collector ts at -24 volts; the sync relay actuates. The 
base and emitter of Q1908 are at the same patential, the col lector 
Is therefore disconnected, and’ the record relay Is not energized. 


1¢ FF1 ts at logic O (+24 volts), 1907 1s btased "off", 
disconnecting Its collector, and 91908 Is biased “Non™ by the current 
thru. the syne relay winding. Due to the high resistance of R1916, 
thts current Is not enough to actuate or hold the syne relay on. 
However, Q1908 Is saturated, and actuates the. record relay. 


% When the ‘system’ -I's now -released from the "record" mode, by going 


Into any other mode, the release of K301 and, slightly later, of 


“K302 removes: the -24 volts from the "rec" bus, and therefore from 


the .record and sync relays. The subsequent release of K303 restores. 
-24 volts to the SYNC switch. The release of the sync relays which 
were actuated during “"récord" mode I's very silghtlty delayed by thelr 
Inductive ‘current (generated by the collapse of thelr magnettc 
flelds) flowing thru the 01902 diodes and D403. Cat the SYNC 


switch). 


